Amendments to the Specification and Abstract : 

Kindly replace the original specification and abstract with the enclosed substitute 
specification and abstract. 
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DESCRIPTION 

BUMP FORMING APPARATUS FOR CHARGE APPEARANCE 
SEMICONDUCTOR SUBSTRATE, CHARGE REMOVAL METHOD FOR 
CHARGE APPEARANCE SEMICONDUCTOR SUBSTRATE, CHARGE 
REMOVING UNIT FOR CHARGE APPEARANCE SEMICONDUCTOR 
SUBSTRATE, AND CHARGE APPEARANCE SEMICONDUCTOR 
SUBSTRATE 

Technical Field 

[0001] The present invention relates to a bump forming apparatus for forming bumps 
onto a charge appearance type semiconductor substrate such as a piezoelectric substrate 
or the like which generate electric charge in accordance with a temperature change (that 
is, a charge appearance semiconductor substrate) a method carried out by the bump 
forming apparatus for removing charge of the charge appearance semiconductor 
substrate, a charge removing unit installed in the bump forming apparatus for charge 
appearance semiconductor substrates, and a charge appearance semiconductor substrate. 

Background Art 

[0002] Electronic components installed in devices, e.g., portable phones and the like 
have been made compact these days in association with a great miniaturization of the 
devices. There is a bump forming apparatus which forms bumps on electrode parts in 
circuit form parts formed on a semiconductor wafer without separating the circuit form 
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parts individually from the semiconductor wafer. The bump forming apparatus of this 
kind comprises a carry-in device for taking out the semiconductor wafer without bumps 
formed yet, namely, a pre-forming bumps wafer from a first storage container where the 
wafers are stored before forming bumps, a second storage container for storing 
semiconductor wafers with formed bumps (i.e., a wafer with formed bumps) a bonding 
stage whereon the wafer is placed before forming bumps and which normally heats the 
semiconductor wafer to 250-270°C so as to join the electrode parts and bumps, a carry- 
out device for moving the wafer with formed bumps into the second storage container, 
and a transfer device for transferring the wafer from the carry-in device to the bonding 
stage and from the bonding stage to the carry-out device. 

[0003] Meanwhile, there are piezoelectric substrates on which SAW (Surface Acoustic 
Wave) filters, used in the portable phones or the like, are formed, substrates consisting 
of quartz unlike conventional ones of silicon, and compound semiconductor wafers 
having substrates formed of lithium tantalum, lithium niobium, gallium arsenide and so 
on. Although the compound semiconductor wafers or the like are normally heated to 
about 150°C to a maximum of approximately 200°C when bumps are formed, a speed in 
heating and cooling the wafers must be reduced in comparison with the conventional 
silicon wafers. 

[0004] For example, a SAW filter 10 shown in Fig. 85 has an input side circuit 12 and 
an output side circuit 13 formed as a pair on a piezoelectric substrate 1 1. Bumps 19 are 
formed on electrode parts 18 of the SAW filter 10 by a bump forming head of the bump 
forming apparatus as shown in Fig. 88. Both of the input side circuit 12 and output side 
circuit 13 have a shape like a fine-toothed comb. The input side circuit 12 is oscillated 
by a supplied input electric signal. The oscillation propagates a surface 11a of the 
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piezoelectric substrate 11, thereby vibrating the output side circuit 13. An electronic 
signal is generated and outputted by the output side circuit 13 based on the vibration. 
The SAW filter 10 thus passes only signals of a specific frequency. The SAW filter 10 
shown in Fig. 85 is one of many SAW filters 10 formed in a matrix on the wafer-shaped 
piezoelectric substrate 11, Operations, for instance, forming bumps, etc. on circuit parts 
of the SAW filters 10 are carried out on the wafer-shaped piezoelectric substrate 11. 
Each SAW filter 10 is separated from the wafer-shaped piezoelectric substrate 1 1 at a 
final stage. The wafer-shaped piezoelectric substrate 11 has a characteristic that the 
substrate 1 1 is hard to charge, but it is difficult to remove electric charge from the 
substrate once it is charged. 

[0005] Because of using the piezoelectric substrate 1 1 as above, electric charge is 
generated by deformation or the like of the wafer-shaped piezoelectric substrate 1 1 
caused by a temperature rise and a temperature drop between a room temperature and 
the aforementioned approximately 150°C, so that front and rear faces of the wafer- 
shaped piezoelectric substrate 1 1 become charged. A quantity of the charge becomes 
approximately 9000V at maximum. 

[0006] Since the wafer-shaped piezoelectric substrate 11 is thin by itself, the rear face 
thereof is possibly induced to vibrate by the vibration generated at the front face 1 la, 
which adversely affects the vibration of the front face. For preventing generation of the 
vibration on the rear face, fine grooves 14 are formed as indicated in Fig. 87 on the rear 
face of the wafer-shaped piezoelectric substrate 1 1 . Electric charge present inside the 
grooves 14 is difficult to remove. Although the grooves 14 are exaggeratively 
illustrated in Fig. 87, the grooves 14 are actually formed in a size conforming to a 
frequency to be processed by the SAW filter, and arranged by a pitch of approximately 
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several nm-several hundreds A(angstrom). 

[0007] If the charged wafer-shaped piezoelectric substrate 1 1 is placed on, for example, 
the bonding stage, sparking takes place in some cases between the bonding stage and 
the piezoelectric substrate 1 1 or between the front and rear faces of the wafer-shaped 
piezoelectric substrate 1 1 . If the sparking occurs, the sparking melts the comb teeth part 
thereby breaking the circuit as indicated by reference numerals 15-17 in Fig. 86. Also, 
when the wafer-shaped piezoelectric substrate 1 1 is brought to, for example, above the 
bonding stage, the wafer-shaped piezoelectric substrate 11 is attracted towards the 
bonding stage by charge, and consequently the wafer-shaped piezoelectric substrate 1 1 
may be broken by the attraction force. Furthermore, when the piezoelectric substrate 1 1 
is to be moved again after putting on the bonding stage, the piezoelectric substrate may 
be broken if the substrate is forced to move because a uniting force to the bonding stage 
is so strong. 

[0008] As above, in the bump forming apparatus for forming bumps onto the substrate 
which generates electric charge consequent to a temperature change in the temperature 
rise and temperature drop such as the wafer-shaped piezoelectric substrate 1 1, quartz 
substrate wafer, compound semiconductor wafer and the like, it becomes an important 
issue to eliminate charge, whereas it was not a fundamental problem in the conventional 
bump forming apparatus for forming bumps on silicon wafers. 

[0009] In the meantime, as is disclosed, for example, in the published specification of 
Japanese Patent Laid-Open Publication No. 55-87434, a wafer is proposed in which an 
aluminum film is formed along a dicing line provided on a front face of the wafer to let 
electric charge of the front face out to a periphery of the wafer along the dicing line, 
thereby removing the charge through the periphery, or in which an aluminum film is 
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formed on the entire rear face of the wafer to faciHtate elimination of charge from the 
rear face. It is possible to remove charge from the wafer in this manner. But the 
aluminum film of the rear face may be separated to cause troubles at the application of 
pressure and ultrasonic vibration to the rear face by a pressing member because the 
pressure and ultrasonic vibration are applied with the pressing member brought into 
contact with the rear face, for example, when each chip cut out from the wafer is flip 
chip mounted to the substrate via the bump. Therefore, the aluminum film formed for 
the purpose of elimination of charge should be removed before the chip is mounted, 
resulting in an increase of processes and costs. 

[0010] On the other hand, since charge is generated consequent to the temperature 
change in the temperature rise and temperature drop of the wafer-shaped piezoelectric 
substrate 11, quartz substrate wafer or compound semiconductor wafer as discussed 
above, a speed of the temperature rise and temperature drop should be set lower than in 
conventional silicon wafers. As a result, a cycle time becomes undesirably lengthy in 
the case of the piezoelectric substrate 11, as compared with conventional silicon wafers 
not accompanied with generation of charge. Moreover, for example, when the 
temperature change takes place as the wafer-shaped piezoelectric substrate 11, quartz 
substrate wafer or compound semiconductor wafer is placed on the bonding stage after 
being raised in temperature, the wafer-shaped piezoelectric substrate 1 1 is warped due 
to a difference between a raised temperature and a temperature of the bonding stage. 
This warpage should be corrected, because the wafer-shaped piezoelectric substrate 1 1 
would crack, be chipped or break if bumps were formed on the warped substrate. 
[0011] The present invention is devised to solve the above-described problems, and has 
for its object to provide a bump forming apparatus which can effectively remove charge 
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generated as a result of a temperature rise and a temperature drop of charge appearance 
semiconductor substrates before and after bumps are formed on the substrates, can 
operate with a cycle time not inferior to a cycle time for substrates not accompanied 
with generation of charge even in the presence of a temperature difference, and will not 
break the charge appearance semiconductor substrates (that is, can prevent the charge 
appearance semiconductor substrates from pyroelectric breakdown and physical 
failures. A further object is to provide a method carried out by the bump forming 
apparatus for removing the charge of charge appearance semiconductor substrates, to 
provide a charge removing unit installed in the bump forming apparatus for charge 
appearance semiconductor substrates, and to provide a charge appearance 
semiconductor substrate. 

Summary Of The Invention 

[0012] In accomplishing this and other objects and features, a bump forming apparatus 
for charge appearance semiconductor substrates is provided according to a first aspect 
of the present invention, which is equipped with a bump forming head for forming 
bumps onto electrodes of a circuit on the charge appearance semiconductor substrate 
which generates electric charge in consequence of a temperature change in a state while 
heated to a bump bonding temperature necessary for forming the bumps. 
[0013] The bump forming apparatus comprises a heating and cooling apparatus for 
eliminating electric charge generated on the substrate as a result of a decrease in 
temperature when cooling the substrate after bumps are bonded to the heated substrate; 
and a controller for executing a decrease in temperature control for cooling the substrate 
after the bonding by controlling the heating and cooling apparatus. 
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[0014] In the above constitution, because of the heating and cooling apparatus and the 
controller, at least when the charge appearance semiconductor substrate is cooled after 
the bumps are bonded thereto, charge accumulated on the charge appearance 
semiconductor substrate is removed. Therefore an amount of charge of the charge 
appearance semiconductor substrate can be reduced in comparison with the 
conventional art. Occurrences of damages such as a pyroelectric breakdown of the 
circuit formed on the charge appearance semiconductor substrate and a break of the 
charge appearance semiconductor substrate itself caused by the charging can be 
prevented accordingly. 

[0015] In a bump forming apparatus for charge appearance semiconductor substrates 
according to a second aspect of the present invention, when executing the coolings the 
heating and cooling apparatus can be adopted to come in contact with a rear face 
opposite to a front face as a circuit-formed face of the charge appearance semiconductor 
substrate so as to eliminate charge generated on the substrate because of the decrease in 
temperature in the cooling. 

[0016] According to a third aspect of the present invention, there is provided a method 
for removing charge of charge appearance semiconductor substrates which generate 
charge due to a temperature change thereof. The method comprises forming bumps on 
electrodes of a circuit on the substrate with the substrate heated to a bump bonding 
temperature necessary for forming the bumps, and, when the substrate is cooled after 
forming bumps, and eliminating electric charge which is generated on the substrate as a 
result of a decrease in temperature in cooling the substrate through a load member on 
which the substrate is placed. 

[0017] According to this constitution, electric charge can be eliminated, because the 
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heating and cooling apparatus comes in direct contact with the charge appearance 
semiconductor substrate when the substrate is cooled after the bumps are formed 
thereto. 

[0018] According to a fourth aspect of the present invention, the bump forming 
apparatus for charge appearance semiconductor substrates can be configured so that the 
heating and cooling apparatus preheats the substrate to a level near the bump bonding 
temperature before heating the substrate to the bump bonding temperature, and further 
eliminates charge generated on the substrate because of a temperature rise by the 
preheating through contact with the rear face of the substrate. The controller executes a 
temperature rise control for the preheating operation of the heating and cooling 
apparatus. 

[0019] According to the above constitution, electric charge generated on the charge 
appearance semiconductor substrate by the preheating of the substrate to the bump 
bonding temperature can be removed as well. Damages such as the pyroelectric 
breakdown and the break, etc., can be further reduced. 

[0020] According to a fifth aspect of the present invention, the bump forming apparatus 
for charge appearance semiconductor substrates can be constituted in a structure 
wherein the heating and cooling apparatus comprises a bump bonding stage for heating 
the substrate to the bump bonding temperature, and a cooling device for cooling the 
substrate in accordance with the decrease in temperature control by the controller. The 
cooling device includes a heat diffuser member which comes in contact with the rear 
face of the substrate, a heating part detachable from the heat diffuser member for raising 
the heat diffuser member in temperature, and a separator for separating the heat diffuser 
member and the heating part so as to promote cooling of the heat diffuser member. 
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[0021] In the bump forming apparatus for charge appearance semiconductor substrates 
according to a sixth aspect of the present invention, the heating and cooling apparatus 
may comprise a bump bonding stage for heating the substrate to the bump bonding 
temperature, and a preheat device for preheating the substrate in accordance with the 
temperature rise control by the controller. The preheat device may include a heat 
diflfuser member which comes in contact with the rear face of the substrate, a heating 
part which comes in contact with the heat diffuser member so as to raise the heat 
diflfuser member in temperature, and a separator for separating the heat diffuser member 
and the heating part so as to promote cooling of the heat diffuser member. 
[0022] According to the above constitution, since the heat diffuser member and the 
heating part are separated by the separator, the cooling of the heat diffuser member is 
accelerated, thereby shortening a cycle time in comparison with the conventional art. 
Moreover, the heating part can have a longer service life. 

[0023] According to a seventh aspect of the present invention, the bump forming 
apparatus for charge appearance semiconductor substrates may further include a gas 
supply device for supplying a gas to the substrate placed to the heating and cooling 
apparatus. The controller executes a warpage correction control for correcting a 
warpage of the substrate placed on the heating and cooling apparatus by controlling 
either the gas supply device, or the heating and cooling apparatus. 
[0024] In the above arrangement of blowing the gas to the charge appearance 
semiconductor substrate from the gas supply device, the warpage of the charge 
appearance semiconductor substrate can be corrected and the damage such as break or 
the like can be prevented. 

[0025] In the bump forming apparatus for charge appearance semiconductor substrate 
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according to an eighth aspect of the present invention, it can be so arranged that the 
controller executes a blowing control for charge removal for eliminating charge 
generated on the substrate placed on the heating and cooling apparatus by controlling 
the gas supply device. 

[0026] According to the above constitution, since the controller executes the blowing 
control for charge removal by controlling the gas supply device, the blowing control 
enables electric charge of the charge appearance semiconductor substrate to be 
removed, so that the damage such as pyroelectric breakdown and break or the like can 
be avoided. 

[0027] According to a ninth aspect of the present invention, the bump forming 
apparatus for charge appearance semiconductor substrates may be further equipped with 
a contact member for charge removal which comes in contact with the front face of the 
substrate thereby removing charge of an amount generated on the front face. 
[0028] Not only can electric charge of the front face of the charge appearance 
semiconductor substrate be eliminated by the contact member, but the damage such as 
pyroelectric breakdown and break and the like can be prevented in the arrangement. 
[0029] According to a 10th aspect of the present invention, the bump forming apparatus 
for charge appearance semiconductor substrates may be designed to further include an 
ion generator for generating ions for neutralizing charge accumulated on the substrate. 
[0030] Electric charge of the charge appearance semiconductor substrate can be 
neutralized by the ion generator arranged as above and the damage such as pyroelectric 
breakdown, break and the like can be prevented. 

[0031] In the bump forming apparatus for charge appearance semiconductor substrates 
according to an 1 1th aspect of the present invention, the apparatus can be configured to 
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further comprise a wafer holding part with holding hooks for holding the substrate by 
the holding hooks and transferring the substrate to the heating and cooling apparatus. 
The wafer holding part and the holding hooks are coated with an insulating material at a 
portion where the ions generated from the ion generator act. 

[0032] Since the holding hook portions of the wafer holding part are coated with the 
insulating material, ions generated from the ion generator can be prevented from acting 
on a metallic part to decrease the charge removal effect. 

[0033] According to a 12th aspect of the present invention, in the bump forming 
apparatus for charge appearance semiconductor substrates, the heating and cooling 
apparatus may be metal plated at a portion in contact with the rear face of the substrate 
for improving a heat conductivity between the heating and cooling apparatus and the 
substrate and removing a charge from the substrate. 

[0034] The metal plating in the above constitution improves the heat conductivity 
between the heating and cooling apparatus and the substrate, and enhances the charge 
removal effect for the substrate. 

[0035] A charge removing unit for charge appearance semiconductor substrates 
according to a 13th aspect of the present invention comprises a heating/cooling 
apparatus which comes in contact with a rear face opposite to a front face as a circuit- 
formed face of the charge appearance semiconductor substrate which generates charge 
in consequence of a temperature change, thereby removing charge generated on the 
substrate as a result of a decrease in temperature in cooling the substrate after heating 
the substrate; and a controller for executing a decrease in temperature control for 
cooling the substrate by controlling the heating and cooling apparatus. 
[0036] A charge appearance semiconductor substrate provided according to a 14th 
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aspect of the present invention comprises a region for charge removal which is formed 
at a front circuit-formed face of the charge appearance semiconductor substrate which 
generates charge due to a temperature change and which is formed of a conductor for 
eliminating charge generated on the substrate; and dicing lines connected to the region 
for charge removal, for dicing circuit-formed parts formed to the front face from the 
substrate. 

[0037] A charge removal method according to a 15th aspect of the present invention, 
comprises bringing a charge appearance semiconductor substrate defined in the 14th 
aspect into contact with a contact member for charge removal defined in the ninth 
aspect; and eliminating charge generated on the substrate. 

[0038] According to the charge appearance semiconductor substrate of the 14th aspect 
and the charge removal method of the 15th aspect, the region for charge removal and 
the dicing lines are arranged so that charge generated on the charge appearance 
semiconductor substrate can be eliminated from the region for charge removal, or via 
the region for charge removal and the dicing lines. The damage resulting from the 
charge such as pyroelectric breakdown of the circuit formed on the substrate and 
breakage of the substrate itself can be prevented accordingly. An amount of charge of 
the charge appearance semiconductor substrate varies, for example, depending on the 
manner of earthing from the circuit-formed parts of the substrate to the dicing lines of 
the substrate. The amount of charge can be reduced to approximately ±20V without 
using the ion generator when electric charge is removed most effectively. The amount 
of charge can be reduced to approximately ±200 V on average. 

[0039] According to a 16th aspect of the present invention, a charge appearance 
semiconductor substrate has an amount of charge of not larger than ±200 V because of 
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eliminating charge generated on the charge appearance semiconductor substrate which 
generates charge due to a temperature change. 

[0040] According to a 17th aspect of the present invention, electric charge of the charge 
appearance semiconductor substrate is removed by the charge removal method of the 
above-described third aspect. 

[0041] The bump forming apparatus for charge appearance semiconductor substrates 
according to an 18th aspect of the present invention may be configured so that the 
decrease in temperature control by the controller eliminates charge generated on the 
charge appearance semiconductor substrate as a result of the decrease in temperature in 
the cooling. Meanwhile, the heating and cooling apparatus heats the substrate to the 
bump bonding temperature in a non-contact state with respect to the substrate, and cools 
the substrate in the non-contact state in accordance with the decrease in temperature 
control by the controller after the bonding. 

[0042] According to a 19th aspect of the present invention, a method for removing 
charge of charge appearance semiconductor substrates which generates electric charge 
in consequence of a temperature change is provided. The method comprises forming 
bumps on electrodes formed in a circuit on the substrate which generates electric charge 
due to a temperature change with the substrate heated to a bump bonding temperature 
necessary for forming the bumps; and after the bump-forming, when the substrate is 
cooled using a cooling device arranged in a non-contact state with respect to the 
substrate for heating the substrate thereby adjusting a decrease in temperature of the 
substrate, executing a decrease in temperature control for eliminating charge generated 
as a result of the decrease in temperature when cooling the substrate to the cooling 
device. 
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[0043] Since the decrease in temperature is controlled so that the heating and cooling 
apparatus can remove electric charge accumulated on the substrate while in the non- 
contact state with respect to the substrate when the substrate is cooled after having 
bumps formed thereon, the amount of electric charge can be reduced as compared with 
the conventional art. The damage caused by the charging to the circuit formed on the 
substrate and breakage the substrate itself can be prevented without providing the 
substrate with a charge removal means for removing charge. 

[0044] According to a 20th aspect of the present invention, the decrease in temperature 
control in the bump forming apparatus of the 18th aspect can be designed to alternately 
repeat a decrease in temperature and a temperature rise by a temperature width smaller 
than a decrease temperature width of the decrease in temperature. 
[0045] In the above bump forming apparatus for charge appearance semiconductor 
substrates of the 18th aspect, the heating of the substrate at the heating and cooling 
apparatus to the bump bonding temperature may include a preheating operation for 
preliminarily heating the substrate to near the bump bonding temperature. The controller 
may further execute a temperature rise control for removing charge generated on the 
charge appearance semiconductor substrate as a result of a temperature rise in the 
preheating by controlling the heating and cooling apparatus. 

[0046] The aforementioned temperature rise control can be designed to alternately 
repeat a temperature rise, and a decrease in temperature by a temperature width smaller 
than a raise temperature width of the temperature rise. 

[0047] A charge removing unit for charge appearance semiconductor substrates is 
provided according to a 21st aspect of the present invention. The unit comprises a 
controller for executing a decrease in temperature control to eliminate electric charge 
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generated as a result of a decrease in temperature in cooling after heating the charge 
appearance semiconductor substrate which generates electric charge due to a 
temperature change; and a heating and cooling apparatus for heating the substrate while 
in a non-contact state with respect to the substrate and cooling the substrate in 
accordance with the decrease in temperature control by the controller after the cooling. 
[0048] A charge appearance semiconductor substrate according to a 22nd aspect of the 
present invention has charge removed by the charge removal method of the 19th aspect. 

Brief Description Of The Drawings 

[0049] These and other aspects and features of the present invention will become clear 
from the following description taken in conjunction with the preferred embodiments 
thereof with reference to the accompanying drawings, in which: 

Fig. 1 is a perspective view of an entire bump forming apparatus 
according to a first embodiment of the present invention; 

Fig. 2 is a perspective view showing in detail essential parts of the bump 
forming apparatus of Fig. 1 ; 

Fig. 3 is a perspective view showing in detail a carry-in device of Figs. 1 

and 2; 

Fig. 4 is a perspective view showing in detail an orientation flat 
registration device of Figs. 1 and 2; 

Fig. 5 is a perspective view showing in detail a transfer device of Figs. 1 

and 2; 

Fig. 6 is a diagram showing in detail a holding hook portion of a wafer 
holding part of Fig. 5; 
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Fig. 7 is a diagram showing in detail a contact member for charge 
removal of the wafer holding part in Fig. 5; 

Fig. 8 is a diagram showing another example of the contact member for 
charge removal of the wafer holding part of Fig. 5; 

Fig. 9 is a diagram illustrating a relationship of an aluminum film formed 
on a wafer circumferential edge portion and a contact position of the contact member 
for charge removal; 

Fig. 10 is a diagram of a modified example of the contact member for 
charge removal; 

Fig. 1 1 is a diagram showing a structure of a bump bonding unit of Fig. 

1; 

Fig. 12 is a diagram illustrating a wafer warpage; 
Fig. 13 is a diagram of a modified example of the contact member for 
charge removal; 

Fig. 14 is a diagram of a modified example of the contact member for 
charge removal; 

Fig. 15 is a perspective view showing the member for charge removal 
shown in Fig. 14; 

Fig. 16 is a perspective view showing the member for charge removal of 

Fig. 14; 

Fig. 17 is a perspective view of a modified example of the contact 
member for charge removal; 

Fig. 18 is a diagram of a modified example of the contact member for 
charge removal; 



16 



Fig. 19 is a diagram of a modification of the contact member for charge 
removal of Fig. 18; 

Fig. 20 is a diagram of a modified example of the contact member for 
charge removal; 

Fig. 21 is a perspective view of a modified example of a member 
provided at one end of the contact member for charge removal; 

Fig. 22 is a perspective view of a preheat device and a post-forming 
bumps heating device; 

Fig. 23 is a diagram for explaining operations of the preheat device and 
post-forming bumps heating device of Fig. 22; 

Fig. 24 is a diagram for explaining operations of the preheat device and 
post-forming bumps heating device of Fig. 22; 

Fig. 25 is a perspective view of an aluminum plate and a heater plate 
frame of the preheat device and post-forming bumps heating device of Fig. 22; 

Fig. 26 is a perspective view of the aluminum plate and the plate heater 
frame of the preheat device and post-forming bumps heating device of Fig. 22; 

Fig. 27 is a flow chart of operations of the bump forming apparatus in 

Fig. 1; 

Fig. 28 is a diagram explanatory of operation of step 2 in Fig. 27 
showing a state in which the wafer is being moved up by the carry-in device; 

Fig. 29 is a diagram explanatory of the operation of step 2 in Fig, 27 
showing a state immediately before the wafer is held by a carry-in side transfer device; 

Fig. 30 is a diagram explanatory of the operation of step 2 in Fig. 27 
showing a state immediately after the wafer is held by the carry-in side transfer device; 
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Fig. 31 is a diagram explanatory of the operation of step 2 in Fig. 27 
showing a state in which the wafer is held by the carry-in side transfer device; 

Fig. 32 is a flow chart explanatory of operation of step 3 of Fig. 27 in a 
case where a plate heater frame and the aluminum plate are separated from each other; 

Fig, 33 is a diagram explanatory of the operation of step 3 of Fig. 27 
showing a state in which a wafer before forming bumps is transferred to a location 
above the preheat device; 

Fig. 34 is a diagram explanatory of the operation of step 3 of Fig. 27 
showing a in which that the wafer before forming bumps is placed on the aluminum 
plate; 

Fig. 35 is a diagram explanatory of the operation of step 3 of Fig. 27 
showing a state in which holding of the wafer before forming bumps by the wafer 
holding part is released; 

Fig. 36 is a diagram explanatory of the operation of step 3 of Fig. 27 
showing a state in which the aluminum plate having the wafer before forming bumps 
loaded is moved down; 

Fig. 37 is a flow chart explanatory of the operation of step 3 of Fig. 27 in 
a case where the plate heater frame and aluminum plate are not separated from each 
other; 

Fig. 38 is a diagram explanatory of the operation of step 4 of Fig. 27, 
specifically, a diagram of a temperature rise control in preheating; 

Fig. 39 is a diagram of a modified example of the temperature rise 
control in preheating; 

Fig. 40 is a flow chart explanatory of a transfer operation from the 
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preheat device to the bump bonding unit in step 5 in Fig. 27 in a case where the plate 
heater frame and the aluminum plate are separated from each other; 

Fig. 41 is a flow chart explanatory of a transfer operation from the 
preheat device to the bump bonding unit in step 5 in Fig. 27 in a case where the plate 
heater frame and the aluminum plate are not separated from each other; 

Fig. 42 is a flow chart explanatory of a warpage correction carried out by 
blowing hot air when the wafer before forming bumps is transferred to the bump 
bonding stage in step 5 of Fig. 27; 

Fig. 43 is a flow chart explanatory of a warpage correction carried out 
without blowing the hot air when the wafer before forming bumps is transferred to the 
bump bonding stage in step 5 of Fig. 27; 

Fig. 44 is a graph of a temperature rise by the temperature rise control in 

preheating; 

Fig, 45 is a diagram explanatory of operation in step 5 of Fig. 27 
showing a state in which the wafer before forming bumps is arranged above the bonding 

stage; 

Fig. 46 is a diagram explanatory of operation in step 5 of Fig. 27 
showing a state immediately before the wafer is held by the bonding stage; 

Fig, 47 is a diagram explanatory of operation in step 5 of Fig. 27 
showing a state in which the wafer is held on the bonding stage and then the carry-in 
side transfer device releases the holding of the wafer; 

Fig. 48 is a diagram explanatory of operation in step 5 of Fig. 27 
showing a state in which the wafer is held at the bonding stage; 

Fig. 49 is a graph of a decrease in temperature by a decrease in 
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temperature control in post-forming bumps heating; 

Fig, 50 is a flow chart explanatory of the post-forming bumps heating; 

Fig. 51 is a flow chart of the heating of the wafer holding part when the 
post-forming bumps heating starts; 

Fig. 52 is a graph of a decrease in temperature pattern in the post- 
forming bumps heating; 

Fig. 53 is a flow chart explanatory of the post-forming bumps heating; 

Fig. 54 is a flow chart explanatory of the post-forming bumps heating; 

Fig. 55 is a flow chart of the carrying out of a wafer with formed bumps 
from the post- forming bumps heating device after the post-forming bumps heating; 

Fig. 56 is a diagram explanatory of operation in step 8 of Fig. 27 
showing a state in which the wafer with formed bumps held by the carry-out side 
transfer device is disposed above the carry-out device; 

Fig. 57 is a diagram explanatory of operation in step 8 of Fig. 27 
showing a state in which a holding part of the carry-out device is brought in contact 
with the wafer with formed bumps; 

Fig. 58 is a diagram explanatory of step 8 of Fig. 27 showing a state 
immediately after the holding of the wafer by the carry-out side transfer device is 
released; 

Fig. 59 is a diagram explanatory of step 8 of Fig. 27 showing a state 
immediately before the wafer with formed bumps held by the holding part of the carry- 
out device is placed on a holding stage; 

Fig. 60 is a diagram explanatory of step 8 of Fig. 27 showing a state that 
the wafer with formed bumps is placed on the holding stage; 
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Fig. 61 is a diagram showing a state in which an ion generator applies 
ions to the wafer with formed bumps when the wafer is moved from the carry-out side 
transfer device to the carry-out device in Fig. 1 ; 

Fig. 62 is a perspective view of a modified example of the bump forming 
apparatus of Fig. 1; 

Fig. 63 is a flow chart explanatory of a blowing operation for charge 
removal which is carried out by the bump forming apparatus of Fig. 62; 

Fig. 64 is a plan view of a sub plate attached to the wafer before forming 

bumps; 

Fig, 65 is a diagram of a modified example of the contact member for 
charge removal; 

Fig. 66 is a diagram of a modified example of the carry-in side transfer 
device and carry-out side transfer device shown in Figs. 1 and 2; 

Fig. 67 is a diagram of a modified example of the contact member for 
charge removal; 

Fig. 68 is a diagram of a state where, a contact face to a charge 
appearance semiconductor substrate in each of the preheat device, post-forming bumps 
heating device and bonding stage of Figs. 1 and 2 is provided with silver plating; 

Fig. 69 is a plan view of the charge appearance semiconductor substrate 
having a region for charge removal; 

Fig. 70 is a diagram of a modified example of the region for charge 
removal of Fig. 69; 

Fig. 71 is a perspective view showing in detail a structure of essential 
parts of a bump forming apparatus as a modified example of the bump forming 
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apparatus of Fig. 1; 

Fig. 72 is a perspective view showing in detail the constitution of a 
preheat device and a post-forming bumps heating device in Fig. 71; 

Fig. 73 is a sectional view showing the constitution of the preheat device 
and post-forming bumps heating device of Fig. 71; 

Fig. 74 is a graph of a relationship of a flow of operations in the bump 
forming apparatus in Fig. 71, a temperature change of the wafer and an amount of 
charge of the wafer; 

Fig. 75 is a flow chart of the preheating in Fig. 27; 

Fig. 76 is a flow chart of a temperature rise control shown in Fig. 75; 

Fig. 77 is a graph of a temperature rise in the temperature rise control of 

Fig. 76; 

Fig. 78 is a diagram showing a structure for measuring the amount of 
charge of the wafer in the preheating and post-forming bumps heating by an 
electrostatic sensor; 

Fig. 79 is a flow chart of the post-forming bumps heating in Fig. 27; 

Fig. 80 is a flow chart of a decrease in temperature control in Fig. 79; 

Fig. 81 is a graph of a decrease in temperature in the decrease in 
temperature control in Fig. 80; 

Fig. 82 is a diagram of a state in which the ion generator applies ions to 
the wafer with formed bumps in the post-forming bumps heating in Fig. 27; 

Fig. 83 is a diagram of a state in which the ion generator applies ions to 
the wafer before forming bumps in the preheating in Fig. 27; 

Fig. 84 is a flow chart explanatory of the blowing operation for charge 



22 



removal which is executed by the bump forming apparatus of Fig. 62; 

Fig. 85 is a perspective view of a structure of a SAW filter; 

Fig. 86 is a diagram of damage at a comb-toothed circuit part of the 

SAW filter; 

Fig. 87 is a diagram explanatory of a state where front and rear faces of a 
piezoelectric substrate wafer are charged; and 

Fig. 88 is a plan view of a state in which bumps are formed to circuit 
electrode parts. 

Detailed Description of the Invention 

[0050] A bump forming apparatus, a method carried out by the bump forming 
apparatus for removing charge from a charge appearance semiconductor substrates, a 
charge removing unit installed on the bump forming apparatus for removing charge of 
the charge appearance semiconductor substrates, and a charge appearance 
semiconductor substrate which are embodiments of the present invention will be 
described with reference to the drawings. It is to be noted that like parts are designated 
by like reference numerals throughout the drawings. 

[0051] A bump forming apparatus 101 according to the embodiment shown in. Figs. 1 
and 2 is appropriate to process a wafer-shaped piezoelectric substrate (referred to as a 
"piezoelectric substrate wafer" hereinafter) for forming the SAW filter mentioned 
before, and will be described below by way of example to form bumps to the 
piezoelectric substrate wafer. However, objects to be processed by the apparatus are not 
limited to the piezoelectric substrate wafer. In other words, the bump forming apparatus 
101 of the embodiment is applicable to compound semiconductor wafers such as, e.g., 
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LiTaOs, LiNbOs and the like corresponding to charge appearance type semiconductor 
substrates which generate electric charge in consequence of a temperature change 
(referred to simply as "charge appearance semiconductor substrates" below), and quartz 
semiconductor wafers with a quartz substrate, etc. The apparatus is also applicable to Si 
semiconductor wafers with an Si substrate, in which case the wafer when bumps are 
formed thereto is heated to a temperature of approximately 250-270°C as discussed 
earlier. 

[0052] The bump forming apparatus 101 has a first storage container 205 for storing in 
layers piezoelectric substrate wafers 201 before bumps are formed, and a second storage 
container 206 for storing in layers piezoelectric substrate wafers 202 after bumps are 
formed. That is, the bump forming apparatus is a double magazine type. However, the 
apparatus is not limited to this type, and can be constructed as a single magazine type 
having both of the wafers 201 and 202 stored in one storage container. 
[0053] A bonding stage 1 10, a preheat device 160, and a post-forming bumps heating 
device 170 which will be described below form a heating/cooling apparatus, and the 
post-forming bumps heating device 170 is an example functioning as a cooling device. 
[0054] The heating/cooling apparatus and a controller 180 to be described later 
constitute the charge removing unit. 

[0055] The bump forming apparatus 101 roughly comprises one bonding stage 1 10, one 
bump forming head 120, a carry unit 130, a transfer device 140 provided for each of a 
carry-in side and a carry-out side, a lifting device 150 provided with each of the storage 
containers 205, 206 for moving the storage containers 205, 206 up and down, the 
preheat device 160, the post-forming bumps heating device 170, and the controller 180. 
As will be depicted in the following description of the structure and operation of the 
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bump forming apparatus 101, the bump forming apparatus 101 is greatly different from 
the conventional bump forming apparatus, specifically, in a structure and an operation 
designed for eliminating electric charge generated on front and rear faces of the 
piezoelectric substrate wafer 201 before forming bumps and the piezoelectric substrate 
wafer 202 after bumps are formed because of a temperature change between a bump 
bonding temperature necessary for forming bumps and a room temperature. They are 
also different in a structure and an operation designed for preventing damage to the 
piezoelectric substrate wafer 201 before forming bumps and to the piezoelectric 
substrate wafer 202 after bumps are formed when the piezoelectric substrate wafer 201 
is moved to the preheat device 160 and from the preheat device 160 to the bonding stage 
1 10, and when the piezoelectric substrate wafer 202 is moved from the bonding stage 
110 to the post-forming bumps heating device 170. Since the bump forming apparatus 
101 is an apparatus for forming bumps, the most fundamental part of the apparatus is 
the bonding stage 1 10 and the bump forming head 120. Each of the constituting parts 
mentioned above will be described below. 

[0056] In the bonding stage 1 10, the piezoelectric substrate wafer 201 before bumps are 
formed thereon (referred to simply as a "pre-forming bumps wafer") is placed on the 
bonding stage 110. The bonding stage 110 heats the pre-forming bumps wafer 201 to 
the bump bonding temperature necessary for forming bumps onto electrodes of circuits 
formed on the pre-forming bumps wafer 201. The bump bonding temperature necessary 
for forming bumps is a temperature necessary to join the electrodes and bumps by a 
design strength, which is set in accordance with the design strength and a material of the 
wafer and substrate to which bumps are to be formed. The bump bonding temperature 
in the present embodiment is approximately 21 0°C. 
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[0057] A wafer laying stage 111 of the bonding stage 110 to which the pre-forming 
bumps wafer 201 is loaded has, as indicated in Fig. 11, openings 113 formed to suck the 
pre-forming bumps wafer 201 and to jet a gas. The openings 113 are connected to a 
suction device 1 14 and a blower 1 15 as an example functioning as a gas supply device 
which are controlled by the controller 180. The gas is air in this embodiment. The 
wafer laying stage 1 1 1 of the bonding stage 1 10 can be moved up and down by the 
lifting device between a heating position where the wafer laying stage is kept in contact 
with a heater 112 and a load position where the charge appearance semiconductor 
substrate is loaded. A contact face of the wafer laying stage 1 1 1 to the pre-forming 
bumps wafer 201 has a metal plating as shown in Fig. 68 (specifically silver plating 261 
in this embodiment). Because of the silver plating, a heat conductivity between the 
wafer laying stage 111 and the pre-forming bumps wafer 201 is improved and an effect 
of removing charge from the pre-forming bumps wafer 201 is enhanced. 
[0058] The bump forming head 120 is a device for forming bumps to electrodes of the 
pre-forming bumps wafer 201 laid on the bonding stage 110 and heated to the bump 
bonding temperature. The bump forming head includes a wire supply part 121 for 
supplying a gold wire as a material for the bumps, a bump forming part for melting the 
gold wire to form balls and pressing the molten balls to the electrodes, an ultrasonic 
wave generator part for applying an ultrasonic wave to the bump when the molten balls 
are pressed to the electrodes, and the like. The thus-constituted bump forming head 120 
is placed on an X, Y-table 122 having, for example, a ball screw structure movable in X, 
Y-directions orthogonal to each other on a plane, and is moved in the X, Y-directions by 
the X, Y-table 122 so that bumps can be formed on the electrodes of the fixed pre- 
forming bumps wafer 201 . 



26 



[0059] The bump forming apparatus 101 is provided with two types of carry unit 130. 
One is a carry-in device 131 for taking out the pre-forming bumps wafer (i.e., "pre- 
wafer") 201 from the first storage container 205. The other is a carry-out device 132 for 
transferring the piezoelectric substrate wafer after bumps are formed (referred to simply 
as a "wafer with formed bumps" or "post-wafer") 202 to the second storage container 
206 and stores the substrate in the container. As shown in Fig. 3, the carry-in device 
131 has a holding stage 1311 for holding the pre-forming bumps wafer (pre-wafer) 201 
by suction, and a moving device 1312 for the carry-in device for moving the holding 
stage 1311 parallel to the X direction. A driving part 1313 included in the moving 
device 1312 is connected to and controlled in operation by the controller 180. The 
holding stage 1311 is moved along the X direction by driving the driving part 1313, 
whereby the pre-forming bumps wafer 201 is taken out from the first storage container 
205. 

[0060] The carry-out device 132 has the same structure as the carry-in device 131 and 
operates in the same manner, and therefore will be described briefly. As shown in Fig. 
56, the carry-out device 132 has a holding stage 1321 for holding the wafer with formed 
bumps (post-wafer) 202 which is executed by suction in the embodiment, a moving 
device 1322 for the carry-out device for moving the holding stage 1321 along the X 
direction and storing the wafer with formed bumps 202 onto the second storage 
container 206, a holding part 1323 which sucks to a rear face 202b of the wafer with 
formed bumps 202 thereby holding the wafer with formed bumps 202, and a driving 
part 1324 arranged below the holding stage 1321 for moving the holding part 1323 in a 
thickness direction of the wafer with formed bumps 202 held to the holding stage 1321. 
The moving device 1322 and the driving part 1324 are controlled by the controller 180. 
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[0061] At a setting point where the carry-in device 131 is disposed is installed an 
orientation flat registration device 133 for orientating into a predetermined direction an 
orientation flat of the pre-forming bumps wafer 201 taken out by the carry-in device 131 
from the first storage container 205. As shown in Fig. 4, the orientation flat registration 
device 133 has catching plates 1331 which are moved in the Y direction by a driving 
part 1332 to hold the pre-forming bumps wafer 201 therebetween, a holding part 1333 
which can move in a thickness direction of the pre-forming bumps wafer 201, can hold 
the pre-forming bumps wafer 201 and can rotate in a circumferential direction of the 
pre-forming bumps wafer 201 so as to orientate the orientation flat of the held pre- 
forming bumps wafer 201, and a driving part 1334 for the holding part 1333. The 
driving parts 1332 and 1334 are controlled by the controller 180 in operation. 
[0062] The transfer device 140 of the bump forming apparatus 101 is comprised of a 
carry-in side transfer device 141 and a carry-out side transfer device 142. The carry-in 
side transfer device 141 holds the pre-forming bumps wafer 201 held to the holding 
stage 1311 of the carry-in device 131, transfers the pre-forming bumps wafer to the 
preheat device 160 and transfers the pre-forming bumps wafer from the preheat device 
160 to the bonding stage 110. The carry-out side transfer device 142 holds the wafer 
with formed bumps 202 held on the bonding stage 110, transfers the wafer with formed 
bumps to the post-forming bumps, heating device 170 and transfers the wafer with 
formed bumps from the post- forming bumps heating device 170 to the holding stage 
1321 of the carry-out device 132, The carry-in side transfer device 141 includes, as 
indicated in Fig. 2, a wafer holding part 1411 for holding the pre-forming bumps wafer 
201 and eliminating charge from front and rear faces of the pre-forming bumps wafer 
201, a driving part 1412 equipped with an air cylinder in the embodiment for driving the 
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wafer holding part 1411 to hold the pre-forming bumps wafer, and a moving device 
1413 constituted of a ball screw mechanism in the embodiment for moving the whole of 
the wafer holding part 1411 and the driving part 1412 in the X direction. The driving 
part 1412 and the moving device 1413 are connected to the controller 180 and 
controlled in operation by the controller. 

[0063] The carry-out side transfer device 142 includes, similar to the carry-in side 
transfer device 141, a wafer holding part 1421, a driving part 1422 and a moving device 
1423. The driving part 1422 and the moving device 1423 are controlled in operation by 
the controller 180. 

[0064] The wafer holding parts 1411 and 1421 will be described. As shown in Fig. 5, 
the wafer holding part 1411 has a first holding member 1414 and a second holding 
member 1415 which can be moved by the driving part 1412 in the X direction, and a 
charge-removal member 1416 for charge removal which is arranged between the first 
and second holding members. These members are arranged parallel to each other. The 
first holding member 1414, the second holding member 1415 and the charge-removal 
member 1416 are all formed of iron or another conductive material. Similar to the 
wafer holding part 141 1, the wafer holding part 1421 has a first holding member 1424, a 
second holding member 1425, and a member 1426 for charge removal which is held 
between the first and second holding members. The first holding member 1424, the 
second holding member 1425 and the member 1426 for charge removal which are 
parallel to each other are formed of iron or another conductive material. Since the wafer 
holding parts 1411 and 1421 are constructed in the same structure, the wafer holding 
part 141 1 will be described representatively. 

[0065] Each of the first holding member 1414 and the second holding member 1415 has 
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two L-shaped holding hooks 1417 for holding the pre-forming bumps wafer 201 as 
indicated in the drawings. The holding hooks 1417 are formed of the same material as 
the first holding member 1414 and the second holding member 1415 (i.e., iron) or a 
conductive resin. Preferably a conductive resin film 14171 as a buffering material is 
attached to a part of the holding hook in direct contact with the pre-forming bumps 
wafer 201 as shown in Fig. 6. Forming the first holding member 1414, second holding 
member 1415 and holding hooks 1417 of iron or the conductive material allows charge 
of the rear face 201b of the held pre-forming bumps wafer 201 to be earthed (grounded). 
[0066] On the other hand, as shown in Fig. 66, a holding hook 14172 corresponding to 
the above holding hook 1417 can be formed of a heat insulating member, e.g., Vespel, 
trade name by Du Pont, so that a temperature change at the wafer holding parts 1411 
and 1421 can be reduced, thereby avoiding a temperature change in the pre-forming 
bumps wafer (pre-wafer) 201 and the wafer with formed bumps (post- wafer) 202 to be 
described later. The pre-forming bumps wafer 201 and the wafer with formed bumps 
202 can accordingly be kept from damage such as cracks or the like. In the structure 
shown in Fig. 66, a conductive material 14173 is attached to a contact part between the 
pre-forming bumps wafer 201, wafer with formed bumps 202, and the holding hook 
14172 to earth (transmit) charge of the pre-forming bumps wafer 201 and wafer with 
formed bumps 202 to the first holding member 1414 and the second holding member 
1415. Outer faces of the first holding member 1414, second holding member 1415, etc. 
of the wafer holding parts 141 1 and 1421 are coated with an insulating material 14174 
as will be described hereinbelow. 

[0067] In order to more efficiently remove electric charge from the pre-forming bumps 
wafer 201 and the wafer with formed bumps 202 to be described later, an ion generator 
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190 is preferably provided as will be discussed later. When the ion generator 190 is 
provided, however, it would be feared that ions generated from the ion generator 190 
could be transmitted to the first holding member 1414, second holding member 1415 
and holding hooks 1417 formed of iron or conductive material, and consequently fail to 
effectively act on the pre-forming bumps wafer 201 and wafer with formed bumps 202. 
Therefore, for preventing the ions from being earthed (grounded) and for letting the ions 
effectively act on the pre-forming bumps wafer 201 and wafer with formed bumps 202, 
at least parts where the ions generated from the ion generator 190 are to act, preferably 
entire outer faces of the first holding member 1414, the second holding member 1415 
and the holding hooks 1417 are coated with the insulating material as shown in Fig. 66. 
[0068] The member 1416 for charge removal has contact members 14161 for charge 
removal arranged projecting in the thickness direction of the pre-forming bumps wafer 
201 at two points in a diametrical direction of the wafer 201 according to the 
embodiment. The contact members for charge removal can be in contact with a 
circumferential part 201c of the front face 201a of the pre-forming bumps wafer 201 
held by the wafer holding part 141 1. As shown in Fig. 7, the contact member 14161 for 
charge removal slidably penetrates the member 1416 and is urged by a spring 14162 in 
an axial direction thereof. A conductive resin 14163 as a buffering material is attached 
to a wafer contact end part of the contact member 14161. 

[0069] The contact member 14161 earths (grounds) charge on the front face 201a when 
the conductive resin 14163 comes in contact with the front face 201a of the pre-forming 
bumps wafer 201. In a state before the pre-forming bumps wafer 201 is held by the 
holding hooks 1417, the contact members 14161 project in the thickness direction of the 
pre-forming bumps wafer 201 to an equal level to the holding hooks 1417 or to exceed 
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the holding hooks 1417. Due to this arrangement, the contact members 14161 can 
contact the front face 201a of the pre-forming bumps wafer 201 before the holding 
hooks 1417 contact the pre-forming bumps wafer 201 when the wafer holding part 1411 
comes to hold the pre-forming bumps wafer 201. Charge of the front face 201a can be 
removed first in this manner. 

[0070] The contact members 14161 may be directly connected to a ground wire. Also, 
the constitution is not limited to the above arrangement in which the contact members 
14161 are attached to the member 1416 for charge removal. For example, as shown in 
Fig. 8, leaf springs 14164 which are formed of a metal or conductive material and can 
contact the front face 201a may be attached to the first holding member 1414 and the 
second holding member 1415 having the holding hooks 1417. 

[0071] On the other hand, as shown in Fig. 9, the wafer 201, 202 is provided with an 
aluminum film 203 all over the circumferential part 201c of the front face 201a to which 
the contact members 14161 come in contact, so that the charge of the front face 201a 
can be efficiently removed. According to this kind of the wafer, charge of the front face 
201a can be effectively eliminated through contact of the contact members 14161 to the 
aluminum film 203. As shown in Fig. 10, the contact members 14161 may be arranged 
at three or more points of the circumferential part 201c, For removing charge also from 
a central portion of the wafer, as in Fig. 10, a dummy cell 14165 which will not 
malfunction even by contact with the contact member 14161 may be formed at the 
central portion of the wafer, with the contact member 14161 being disposed at a 
position corresponding to the dummy cell 14165. Charge collected on the dummy cell 
14165 can thus be efficiently removed. The above-described contact members 14161 
can be increased in number or in contact area to improve a charge removal efficiency. 
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[0072] Moreover, as shown in Fig. 69, the dummy cell 14165 of a conductor which 
corresponds to a region for charge removal may be connected to a dicing line 212 
provided to divide circuit-formed parts 21 1 having, for example, SAW filters from the 
wafer. The dicing lines 212 extend up to the aluminum film 203. Since generated 
charge gather at the front face 201a of the wafer, when the contact members 14161 
come in contact with the aluminum film 203 in the above constitution, charge on the 
dummy cell 14165 alike are removed through the dicing lines 212 and the aluminum 
film 203. The charge on the front face 201a can be effectively eliminated. Needless to 
say, the charge of the front face 201a may be removed by bringing the contact member 
14161 in direct contact with the dummy cell 14165 as described before. 
[0073] In either structure of Figs. 10 and 69, a position where the dummy cell 14165 is 
to be formed on the wafer can be determined to meet the contact member 14161 as 
above, and is not limited to these specific arrangements. For instance, the dummy cell 
14165 can be formed at a position on the wafer which is easy to damage by pyroelectric 
breakdown or the like. This structure is effective from view points of a charge removal 
effect and a yield. In this case, the contact member 14161 is arranged to meet the 
dummy cell 14165 formed at the position subject to the damage. 
[0074] Although the dummy cell 14165 is formed in a square shape with a size 
occupying an almost one circuit-formed part 21 1 in the structure of Fig. 69, an area of 
the dummy cell 14165 is not limited to this. Furthermore, the shape of the dummy cell 
14165 is not restricted to the above square and can be, for example, like a frame to 
surround one circuit-formed part 21 1 as represented by a dummy cell 14165-1 of Fig. 
70. 

[0075] A method for removing charge of the front face 201a is not limited to the contact 
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of the above-described contact members 14161. For example, the ion generator 190 can 
be used in place of the contact members 14161 or can be used together with the contact 
members 14161. 

[0076] In the arrangement of Fig. 69, the dummy cell 14165 is formed and connected to 
the dicing line 212. However, the dummy cell 14165 may be eliminated and simply the 
dicing line 212 may be provided extending to the aluminum film 203. Although the 
efficiency and effect of removing charge decrease in comparison with the structure 
including the dummy cell 14165 as mentioned above, even the structure without the 
dummy cell can remove charge from the aluminum film 203 through the dicing line 
212, so that charge of the front face 201a can be removed. 

[0077] Depending on charge appearance semiconductor substrates to be processed, for 
example, compound semiconductor wafers of LiTaOs, LiNbOs or the like, some of the 
substrates warp as shown in Fig. 12 because of a temperature difference affected thereto 
which will be discussed later in the description of the operation. An amount of the 
warpage, namely, a size I in Fig. 12 is 1-1. 5mm in the LiTaOa wafer having a thickness 
of 0,35mm and a diameter of 76mm, and is 1.5-2mm in the LiNbOs wafer of the same 
dimensions. 

[0078] The contact members 14161 are arranged to meet the circumferential edge 
portions which deflect considerably in the charge appearance semiconductor substrate. 
As shown in Fig. 7, the contact members 14161 attached to the member 1416 in the 
earlier described structure can move only in the axial direction thereof, and cannot 
oscillate following the warpage of the charge appearance semiconductor substrate (that 
is, cannot tilt to be almost orthogonal to the warped face). As a result, when the contact 
members 14161 come in contact with the warped charge appearance semiconductor 
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substrate, an unnecessary force possibly acts on the warped charge appearance 
semiconductor substrate from the contact members 14161 which extend and are 
movable in the thickness direction of the charge appearance semiconductor substrate of 
a state having no warpage, thereby possibly bringing about a crack, break or similar 
damage to the warped charge appearance semiconductor substrate. As such, a structure 
for attaching the contact members 14161 to the member 1416 and parts related to the 
attaching are preferably designed as shown in Figs. 13-21 and 65 which will be 
described hereinbelow. The reference numeral of the member "1416" will still be used 
for the sake of convenience of description although, strictly speaking, the reference 
number should be changed because the member 1416 is also changed in structure 
subsequent to the change in the attaching structure and related parts. 
[0079] According to a modification of the structure of the contact member for charge 
removal shown in Fig. 13, a conical hole 14166 is formed in the member 1416, and a 
contact member 14100 for charge removal which is formed of a conductive rod material 
of, for example, a metal having a diameter of approximately 1 .5-2mm is inserted in the 
hole 14166 and urged in an axial direction thereof by the spring 14162. An urging force 
in the embodiment is set to be approximately 49xl0'^-98xl0'^ N per one contact 
member 14100. A corner portion 14101 at one end of the contact member 14100 to be 
in contact with the charge appearance semiconductor substrate may be, for example, 
chamfered or shaped as an arc so as to facilitate oscillation of the contact member 
14100 in a direction of an arrow 14110 in accordance with a curvature of the warped 
charge appearance semiconductor substrate. Alternatively, a conductive ball 14105 
having a diameter of, for example, approximately 5mm and formed of, for example, a 
metal as shown in Fig. 14, or a cylinder 14106 as shown in Fig. 21 may be attached to 
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one end of the contact member 14100, or the one end may be shaped as a hemisphere as 
indicated in Fig. 65. The contact member 14100 swings in the above arrow direction 
141 10 so that a plane including a locus of the swinging contact member 14100 becomes 
parallel to a diametrical direction of the charge appearance semiconductor substrate. 
When the cylinder 14106 is to be attached, the cylinder 14106 is disposed with an axial 
direction thereof kept parallel to a direction which is orthogonal to the diametrical 
direction and the thickness direction of the charge appearance semiconductor substrate. 
An earth (ground) wire 14109 is directly connected to the other end of the contact 
member 14100 in the embodiment. 

[0080] Since the above structure enables the contact member 14100 to swing about a 
small diameter part of the conical hole 14166, the contact member 14100 can swing in 
the arrow direction 14110 in accordance with the curvature of the warped charge 
appearance semiconductor substrate, thereby preventing the charge appearance 
semiconductor substrate from being damaged. 

[0081] Another modification can adopt a structure of Fig. 14, wherein two rollers 14103 
arranged via an appropriate interval inside a mounting hole 14102 are rotatably attached 
by pins 14104 to the member 1416. A contact member 14107 for charge removal is 
installed to be able to swing in the arrow direction 14110 due to the two rollers 14103. 
The contact member 14107 has a roller 14108 supported rotatably to the other end part 
thereof as shown in Fig. 16, with the ball 14105 attached to one end of the contact 
member 14107. The contact member 14107 is urged in the axial direction thereof by 
the spring 14162 and attached to the member 1416. Since the roller 14108 of the 
contact member 14107 is supported rotatably from both sides by the two rollers 14103 
of the member 1416, the contact member 14107 can swing in the arrow direction 14110, 
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and the charge appearance semiconductor substrate can be prevented from being 
damaged. 

[0082] The structure can still be modified as shown in Fig. 17. A structure of Fig. 17 is 
developed from the structure of Fig. 14, in which four rollers 141 1 1 are arranged in a 
cross shape and rotatably connected to the member 1416, while a contact member 
14113 for charge removal with a ball 14112 fitted to the other end is mounted to the 
member 1416 so that the ball 14112 is positioned at a center part of the four rollers 
14111. The ball 14112 is urged by the spring 14162 to the four rollers 14111. The 
earth (ground) wire can be connected to the ball 141 12 in a state as indicated in Fig. 20 
or can be connected to the member 1416. By adopting this structure, the contact 
member 141 13 can smoothly rotate not only in the above arrow direction 141 10, but in 
a direction of an arrow 141 14 orthogonal to the arrow direction 14110. Damaging the 
charge appearance semiconductor substrate can be prevented accordingly. 
[0083] Yet further modifications are shown in Figs. 18-20. In these structures, the 
conical hole 14166 is formed in the member 1416, while a member 141 16 for charge 
removal including a ball 14115 attached to the other end thereof is mounted to the 
member 1416 with the ball 14115 being rotatably supported in the hole 14166. The 
ball 141 15 is urged by the spring 14162 to a wall face of the hole 14166. In addition, a 
receiving charge member 14117 having an earth (ground) wire 14119 connected to the 
member 1416 is pressed by a spring 141 18 to the ball 14115. Therefore, the charge of 
the charge appearance semiconductor substrate runs through the contact member 14116, 
the receiving charge member 14117 and the earth (ground) wire 14119 to the earth 
(ground) wire 14109 connected to the member 1416. The structure allows the contact 
member 14116 to rotate in any direction in the mounting state of Fig. 18, thus being 
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able to prevent the damage to the charge appearance semiconductor substrate. 
[0084] Using a contact member 14120 for charge removal without the spring 14162 as 
shown in Fig. 19 may be devised as a modified example of the attachment structure of 
Fig. 18. In this case, the following effect is obtained in addition to a cost reduction and 
facilitation of the attaching as compared with the structure of Fig. 18. That is, the 
contact member can be brought in contact with the charge appearance semiconductor 
substrate by a minute force of, for instance, approximately 19.6x10"^ N because of a 
weight of the ball 14105. Therefore, even a thin charge appearance semiconductor 
substrate, for example, about 0.1mm thick charge appearance semiconductor substrate 
can be prevented from breaking or sustaining other damage. 

[0085] A contact member 14121 for charge removal shown in Fig. 20 is also possible, 
wherein the receiving charge member 14117 and the spring 141 18 are eliminated and 
the earth (ground) wire 14109 is directly connected to the ball 141 15. In this case, the 
number of parts is reduced and the structure is simplified in comparison with the 
structure shown in Fig. 1 8, and accordingly costs can be reduced. 
[0086] A structure of Fig. 65 can be employed as a further modification. Although the 
contact member for charge removal is swingable in the structures of Figs. 13-20, a 
contact member 14122 for charge removal of Fig. 65 has a linear guide bearing 14123 
mounted to a support part for the contact member 14122 of the member 1416. 
According to the structure shown in Fig. 65, the contact member 14122 can move more 
smoothly in the axial direction thereof as compared with a movement in the axial 
direction of the contact member 14161 in the structure of Fig. 7. Therefore, although 
the contact member 14122 is not adapted to swing in the structure of Fig. 65, the contact 
member 14122 smoothly moves in the axial direction thereof when one hemispherical 
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end of the contact member 14122 touches the warped charge appearance semiconductor 
substrate, thereby being able to prevent a crack or similar damage to the warped charge 
appearance semiconductor substrate. 

[0087] A supporting member 14124 having the linear guide bearing 14123 fitted thereto 
in the contact member 14122 can be formed of iron, but is preferably formed of an 
insulating material such as the aforementioned Vespeh For example, the supporting 
member 14124 formed of Vespel has approximately 1/84 of the thermal conductivity of 
the member formed of iron. When the supporting member 14124 of the insulating 
material is used, therefore, the contact member 14122 can prevent the charge 
appearance semiconductor substrate from being cooled suddenly when the contact 
member 14122 comes into contact with the charge appearance semiconductor substrate, 
thereby being able to prevent thermal damage to the charge appearance semiconductor 
substrate. 

[0088] As a modification of the above contact member 14122, a contact member 14125 
for charge removal with a weight 14126 in place of the spring 14162 as shown in Fig. 
67 may be adopted. In the case where the spring 14162 is used, a pressing force of the 
contact member to the charge appearance semiconductor substrate changes by a 
compression amount of the spring 14162, for example, by an amount of movement in 
the axial direction of the contact member. However, when the weight 14126 is used, a 
constant pressing force can be effectively applied to the charge appearance 
semiconductor substrate irrespective of the amount of movement of the contact member. 
[0089] Each of the contact members shown in Figs. 13, 14, 17, 18 and 20 may also be 
equipped with the weight 14126 in place of the spring 14162. The contact member 
14120 of Fig. 19 can be equipped with the weight 14126 as well. 
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[00901 The preheat device 160 is a device, as shown in Figs. 22-24, on which the pre- 
forming bumps wafer 201 caught by the wafer holding part 1411 from the carry-in 
device 131 is placed, and which heats the pre-forming bumps wafer 201 from a room 
temperature to the vicinity of approximately 210°C as the bump bonding temperature to 
form bumps by the bonding stage 1 10. The preheat device has an aluminum plate 163 
of a thickness of 6mm in the embodiment which acts as a heat diffuser member placed 
on a plate heater frame 162 including a plate heater 161 as a heating part. A wafer load 
face 163a of the aluminum plate 163 is metal plated as shown in Fig. 68, specifically 
silver plated 261 in the embodiment. Because of the silver plating, a heat conductivity 
between the aluminum plate 163 and the pre-forming bumps wafer 201 is improved and 
a charge removal effect for the pre-forming bumps wafer 201 is enhanced. An 
operation of raising the temperature by the plate heater 161 is controlled by the 
controller 180 with reference to temperature information from a temperature sensor 166 
such as, for example, a thermocouple or the like which measures a temperature of the 
aluminum plate 163. A material of the heat diffuser member 163 is not limited to the 
above aluminum and can be such that it has a good heat conductivity and is free from a 
chemical reaction to the pre-forming bumps wafer 201, for instance, duralumin or the 
like. 

[0091] According to the present embodiment, neither the carry-in side transfer device 
141 nor the carry-out side transfer device 142 includes a mechanism for moving the 
wafer holding part 1411 and the wafer holding part 1421 in the thickness direction of 
the pre-forming bumps wafer 201 and the wafer with formed bumps 202 held by the 
holding parts respectively. Therefore, the preheat device 160 is provided with an 
elevator mechanism for moving both the plate heater frame 162 with the plate heater 
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161 and the aluminum plate 163 in the thickness direction between a down position 167 
of Fig. 23 and an up position 168 of Fig. 24 to place the pre-forming bumps wafer 201 
onto the aluminum plate 163. The elevator mechanism includes an air cylinder 1601 as 
a driving source for the up-down movement in the thickness direction, a T-shaped 
supporting member 1602 moved up and down by the air cylinder 1601, and two 
supporting rods 1603 extending from the supporting member 1602 for supporting the 
plate heater frame 162 and aluminum plate 163. The air cylinder 1601 is driven by a 
cylinder driving device 1604 controlled by the controller 180. In the embodiment, the 
plate heater frame 162 and the aluminum plate 163 are separated through the up-down 
movement by the air cylinder 1601 as will be described later, thereby promoting cooling 
the aluminum plate 163. Therefore, the cylinder driving device 1604 and the air 
cylinder 1601 eventually function as a separator. 

[0092] The supporting rods 1603 penetrate the plate heater frame 162, with leading end 
parts of the rods being inserted into the aluminum plate 163 according to the 
embodiment as indicated in the drawings. The plate heater frame 162 can slide in an 
axial direction of the supporting rods 1603 while the supporting rods penetrate the plate 
heater frame. The aluminum plate 163 is fixed to the supporting rods 1603 at the 
leading end parts of the supporting rods 1603, Moreover, the plate heater frame 162 is 
pressed by springs 1605 (an example of an urging means) to the aluminum plate 163. 
The plate heater frame 162 and the aluminum plate 163 move up and down together 
from the down position 167 as shown in Fig. 23 when the air cylinder 1601 drives. 
After the plate heater frame 162 comes into contact with stoppers 1606 disposed at a 
contact position during the upward motion, the upward movement of the plate heater 
frame 162 is stopped by the stoppers 1606 as shown in Fig. 24, and then only the 
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aluminum plate 163 moves upward. As a result, the plate heater frame 162 and the 
aluminum plate 163 separate from each other. The aluminum plate 163 rises to the up 
position 168. In the present embodiment, a gap between the plate heater frame 162 and 
the aluminum plate 163 when the separation is complete is approximately 2-4mm. In 
the downward motion after the separation, the aluminum plate 162 alone moves down 
from the up position 168 to the contact position where the stoppers 1606 are disposed. 
Then both the plate heater frame 162 and the aluminum plate 163 move down together 
to the down position 167 from the contact position. 

[0093] Although it is necessary to lower the temperature of the aluminum plate 163 to 
approximately 40''C after preheating before the next fresh pre-forming bumps wafer 201 
is placed thereon, a cooling speed for the aluminum plate 163 can be improved as 
compared with the conventional art and a cycle time can be shortened because the plate 
heater frame 162 and the aluminum plate 163 are rendered separable in the above- 
described structure. The separation structure which improves the cooling speed is 
particularly effective in terms of the cycle time at a trial stage before mass production or 
in a case where bumps are to be formed on only a few wafers of the same type. 
[0094] Further the plate heater frame 162 and the aluminum plate 163 can be united 
after the aluminum plate 163 has its temperature decreased, without need for waiting 
until the plate heater frame 162 is lowered to the above temperature of approximately 
40**C. A temperature difference at the plate heater frame 162 becomes smaller than in 
the conventional art. Since a load to the plate heater 161 is thus reduced, a life of the 
plate heater 161 can be extended in comparison with the conventional art. 
[0095] Although the plate heater frame 162 and aluminum plate 163 are made separable 
in the embodiment as described above, the plate heater frame 162 and the aluminum 
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plate 163 can be constructed in a simple model to move up and down always in one 
body without being separated from each other. 

[0096] The plate heater frame 162 and the aluminum plate 163 are supported by the two 
supporting rods 1603. Consequently, the heat from the plate heater frame 162 is hard to 
conduct to the supporting member 1602, air cylinder 1601, etc. The heat from the plate 
heater frame 162 can be conducted almost all to the aluminum plate 163. Therefore, a 
nearly uniform temperature distribution at the aluminum plate 163, and uniform heating 
of the whole pre-forming bumps wafer 201 can be achieved. Moreover, the heat will 
not act on the supporting member 1602, etc. even when the preheat device drives 
continuously. 

[0097] The wafer load face 163a of the aluminum plate 163 has air holes 1608 and 
grooves 1607 to which holding hooks 1417 of the wafer holding part 141 1 enter when 
the pre-forming bumps wafer 201 is carried to the aluminum plate. The air holes 1608 
communicate, as shown in Fig. 25, with a blow suction path 1609 formed in the 
aluminum plate 163. As will be discussed in the later description of the operation, the 
air holes are used to jet the air to separate the pre-forming bumps wafer 201 from the 
wafer load face 163a to transfer the pre-forming bumps wafer 201, or to remove charge 
from the rear face of the pre-forming bumps wafer 201 . Or the air holes are air suction 
holes to suck and hold the pre-forming bumps wafer 201 to the wafer load face 163a 
although the air suction is fundamentally not carried out in the embodiment. As shown 
in Fig. 22, the blow suction path 1609 is connected via a coupling pipe 1610 to a blow 
suction device 161 1 controlled by the controller 180. While the gas to be jetted is the 
air in the embodiment as mentioned above, other gas may be used. The blow suction 
device 1611 corresponds to an example functioning as the gas supply device for 
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supplying a gas in a warpage correction operation and a charge removal operation to be 
described later. 

[0098] A cooling medium path 1612 is formed in the aluminum plate 163 for cooling 
the aluminum plate 163. The cooling medium is the air of an ordinary temperature in 
the embodiment, but other gas, water or the like can be used. The cooling medium path 
1612 is connected via a coupling pipe 1614 to a cooling air supply device 1613 
controlled in operation by the controller 180 as shown in Fig. 22. The air for cooling 
supplied to the path 1612 runs in the path 1612 following illustrated arrows and is 
discharged out through a coupling pipe 1615. 

[0099] As shown in Fig. 25 according to the embodiment, the blow suction path 1609 
and the cooling medium path 1612 are obtained by forming holes in the aluminum plate 
163 by a drill or the like and fitting stop plugs as indicated by slant lines. However, a 
known method can be employed to form the paths 1609 and 1612. For example, the 
paths can be obtained by forming grooves on a rear face of the aluminum plate 163 as 
shown in Fig. 26. In this case, a seal plate is required between the aluminum plate 163 
and the plate heater frame 162 for preventing the cooling medium from leaking. 
[0100] The post-forming bumps heating device 170 is a device on which the wafer with 
formed bumps 202 held by the wafer holding part 1421 from the bonding stage 110 is 
loaded, and which gradually lowers the loaded wafer with formed bumps 202 from 
approximately 210°C of the bump bonding temperature to near the room temperature. 
The post-forming bumps heating device has a structure similar to the above-discussed 
preheat device 160 with a plate heater frame and an aluminum plate made separable in 
the embodiment. Specifically, the post-forming bumps heating device 170 includes, 
corresponding to each part constituting the above preheat device 160, a plate heater 171, 
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a plate heater frame 172, an aluminum plate 173, a temperature sensor 176, an air 
cylinder 1701, a supporting member 1702, supporting rods 1703, a cylinder driving 
device 1704, springs 1705, stoppers 1706, grooves 1707, air holes 1708, a blow suction 
path 1709, a coupling pipe 1710, a blow suction device 1711, a cooling medium path 
1712, a cooling air supply device 1713, and coupling pipes 1714, 1715. Thus Figs. 22- 
26 show reference numerals of parts of both the preheat device 160 and the post- 
forming bumps heating device 170. The plate heater 171 is controlled by the controller 
180 to control a decrease in temperature of the wafer with formed bumps 202. Similar 
to the aluminum plate 163, the aluminum plate 173 has a wafer load face 173a metal 
plated as shown in Fig. 68, specifically silver plated 261 in the embodiment. The silver 
plating improves heat conductivity between the aluminum plate 173 and wafer with 
formed bumps 202 and enhances a charge removal effect for the wafer with formed 
bumps 202. 

[OlOlJ Operation of the post-forming bumps heating device is similar to the operation 
of the foregoing preheat device 160 and can be understood by applying the description 
of the operation related to the preheating in the preheat device 160. Thus a detailed 
description will be omitted here. 

[0102] The lifting device 150 comprises a first lift 151 for loading the first storage 
container 205 thereon and a second lift 152 for loading the second storage container 
206. The first lift 151 moves the first storage container 205 up and down so that the 
pre-forming bumps wafer 201 is arranged at a position where the pre-forming bumps 
wafer 201 can be taken out by the carry-in device 131. The second lift 152 moves the 
second storage container 206 up and down so that the wafer with formed bumps 202 
held by the carry-out device 132 can be stored at a predetermined position in the second 
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storage container 206. 

[0103] Operation of the bump forming apparatus 101 of the embodiment constituted as 
described above will be described hereinbelow. Each of the above-depicted parts 
constituting the apparatus is controlled in operation by the controller 180, whereby a 
sequence of operations from forming bumps on the pre-forming bumps wafers 201 and 
storing the wafer with formed bumps 202 in the second storage container 206 is carried 
out. The controller 180 can control a post-forming bumps heating in a state in which 
the wafer with formed bumps 202 is kept in contact with the aluminum plate 173 of the 
post-forming bumps heating device 170, and can further control a blowing operation for 
charge removal and a blowing operation for warpage correction upon the wafer with 
formed bumps 202 which can be executed by the post-forming bumps heating device 
170. Moreover, the controller is capable of controlling the preheating in a state while 
the pre-forming bumps wafer 201 is held in contact with the aluminum plate 163 of the 
preheat device 160 as well as a blowing operation for charge removal and a blowing 
operation for warpage correction to the pre-forming bumps wafer 201 which can be 
executed by the preheat device 1 60. 

[0104] The blowing operation for warpage correction to the pre-forming bumps wafer 
201 which is carried out by the bonding stage 1 10 is also controlled by the controller. 
[0105] Each of these operations will be discussed in detail below. In the description 
below, the contact member 14100 for charge removal shown in Fig. 13 which is 
applicable to any wafers and substrates such as the above-described charge appearance 
semiconductor substrate accompanied with the warpage, etc. is exemplified as the 
contact member attached to the wafer holding parts 1411 and 1421. Contact members 
14107, 14113, 14116, 14120 or 14121 can be a substitution for the contact member 



14100. 

[0106] According to the bump forming apparatus 101 of the embodiment, bumps are 
formed on the pre-forming bumps (pre-wafer) wafer 201, and the wafer with formed 
bumps (post-wafer) 202 is stored in the second storage container 206 by each process of 
steps 1-10 in Fig. 27 (the step is denoted by "S" in the drawing). More specifically, in 
step 1, the first storage container 205 is moved up and down by the first lift 151 so that 
the pre-forming bumps wafer 201 is disposed at a position where the wafer can be taken 
out by the carry-in device 131 from the first storage container 205, and then the pre- 
forming bumps wafer 201 is taken out by the carry-in device 131 from the first storage 
container 205. The pre-forming bumps wafer 201 held by the carry-in device 131 is 
orientated by the orientation flat registration device 133. 

[0107] After the orientation flat registration, in step 2, the pre-forming bumps wafer 201 
held on the holding stage 1311 of the carry-in device 131 is caught by the carry-in side 
transfer device 141. This operation will be detailed with reference to Figs. 28-31. 
[0108] As shown in Fig. 28, after the above orientation registration, the holding part 
1333 of the orientation flat registration device 133 moves up to suck and hold the pre- 
forming bumps wafer 201 from the holding stage 1311, and moves up further. In the 
meantime, the wafer holding part 1411 is positioned to above the pre-forming bumps 
wafer 201 and, the first holding member 1414 and the second holding member 1415 are 
moved by the driving part 1412 in a direction to open in the X direction. Next, in Fig. 
29, the holding part 1333 moves up, whereby a leading end of the contact member 
14100 for charge removal of the wafer holding part 1411 first comes in contact with the 
front face 201a of the pre-forming bumps wafer 201. Consequently, charge of the front 
face 201a (even if it has been charged immediately before the contact by the contact 
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member 14100) is eliminated through this contact by the contact member 14100. 
[0109] Although the pre-forming bumps wafer 201 and the wafer with formed bumps 
202 used in the embodiment have a characteristic that they are hard to charge but they 
are hard to eliminate electric charge when they are once charged, as mentioned before. 
Therefore, the front face 201a cannot be perfectly eliminated from electric charge even 
by the contact by the contact member 14100. The front face 201a has an initial charge 
of approximately +10 to +25 V. The symbol + stands for positively charged. 
[0110] Referring to Fig. 30, the first holding member 1414 and the second holding 
member 1415 are moved by the driving part 1412 in a direction to close in the X 
direction. 

[0111] As shown in Fig. 31, the holding stage 1311 moves down, whereby the pre- 
forming bumps wafer 201 is held by the holding hooks 1417 of the wafer holding part 
1411. At this time, the pre-forming bumps wafer 201 is pressed against the holding 
hooks 1417 by the urging force of the spring 14162 fitted to the contact member part 
14100. The pressing force is of a level whereat problems such as a drop of the pre- 
forming bumps wafer 201 from the wafer holding part 141 1 during the transfer, etc. are 
avoided. The pressing force never deforms the pre-forming bumps wafer 201 . 
[0112] When the rear face 201b of the pre-forming bumps wafer 201 and the holding 
hooks 1417 come in contact with each other, part of charge at the rear face 201b is 
earthed (grounded). However, it is difficult to remove charge inside the grooves 14 
formed at the rear face 201b in the structure of this bump forming apparatus 101. 
Similar to the front face 201a, an initial charge of approximately -20 to -30V is present 
at the rear face 201b as well. The symbol - stands for negatively charged. Electric 
charge can be more efficiently removed if the ion generator is employed as will be 
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discussed in a modified example to be described later. 

[0113] As shown in Fig. 2, in step 3, the wafer holding part 1411 while holding the pre- 
forming bumps wafer 201 is transferred and positioned above the preheat device 601 by 
the moving device 1413. 

[0114] According to the embodiment as indicated in Fig. 22, the plate heater frame 162 
and the aluminum plate 163 of the preheat device 160 are constructed to be separable 
from each other. Therefore, when the aluminum plate 163 has a temperature not lower 
than the ordinary temperature, steps 510-515 of Fig. 32 are carried out before the pre- 
forming bumps wafer 201 is transferred to above the preheat device 160, thereby 
cooling the aluminum plate 163. These steps 510-515 will be depicted later with 
reference to Fig. 40. 

[0115] The aluminum plate 163 moves down to the down position 167 at a time point 
when the aluminum plate 163 is cooled to a predetermined temperature, i.e., 
approximately 40''C in the embodiment. In step 303, the wafer holding part 1411 in a 
state while holding the pre-forming bumps wafer 201 is transferred and arranged to 
above the preheat device 160 by the moving device 1413 as indicated in Fig. 33. 
[0116] In step 304, again the aluminum plate 163 is raised to the up position 168. At 
this time, the holding hooks 1417 of the wafer holding part 1411 enter the grooves 1607 
formed in the aluminum plate 163 as shown in Fig. 34. The pre-forming bumps wafer 
201 held by the wafer holding part 1411 is placed on the aluminum plate 163. Since no 
elevator mechanism is installed in the carry-in side transfer device 141 and carry-out 
side transfer device 142 in the embodiment as described before, it is necessary to move 
the aluminum plate 163 up and down so as to carry the pre-forming bumps wafer 201 to 
the preheat device 160 and load the pre-forming bumps wafer oh the aluminum plate 
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163. 

[0117] In step 305, the first holding member 1414 and second holding member 1415 of 
the carry-in side transfer device 141 are opened as shown in Fig. 35. In the next step 
306, the aluminum plate 163 is lowered to the down position 167 as in Fig. 36. The 
operation moves to step 4, then the preheating is started. 

[0118] In a modified example of the preheat device 160 in which the plate heater frame 
162 and the aluminum plate 163 are made inseparable and moved up and down together 
at all times, the pre-forming bumps wafer 201 is carried to the preheat device 160 by 
operations of steps 31 1-316 of Fig. 37. The operations will now be described here. The 
inseparable plate heater frame 162 and aluminum plate 163 are generally identified as a 
preheat stage in the description below. 

[0119] In step 311, the pre-forming bumps wafer 201 held by the wafer holding part 
1411 is carried to above the preheat stage. For stabilizing a temperature of the pre- 
forming bumps wafer 201, in step 312, the pre-forming bumps wafer 201 is maintained 
above the preheat stage for example, for 30 seconds to two minutes in a state in which 
the wafer is carried in. The preheat stage is raised to the up position 168 in step 313. 
The first holding member 1414 and second holding member 1415 of the carry-in side 
transfer device 141 are opened in step 314. In the next step 315, an operation specific 
to the modified example of the structure in which the plate heater frame 162 and the 
aluminum plate 163 are inseparable is executed. When the pre-forming bumps wafer 
201 is moved by the carry-in side transfer device 141 from the preheat stage onto the 
bonding stage 110 after the preheating to be described later is completed, the pre- 
forming bumps wafer 201 may be partially cooled if there is a large temperature 
difference present between the holding hooks 1417 and the preheated pre-forming 
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bumps wafer 201, which may lead to troubles. Therefore, it is determined in step 315 
whether to heat the holding hooks 1417. When the holding hooks 1417 are to be heated, 
the preheating is started with the preheat stage raised to the up position 168. Because of 
this operation, the holding hooks 1417 already are entered in the grooves 1607 and can 
be heated as well by the heating of the preheat stage, and the troubles can be prevented. 
On the other hand, when the holding hooks are not to be heated, the preheat stage is 
lowered to the down position 167 in step 316 and the preheating is started. 
[0120] In step 4, the pre-forming bumps wafer 201 is preheated from the room 
temperature to nearly 210°C by the preheat device 160. Although electric charge is 
generated on the pre-forming bumps wafer 201 by a temperature change of the pre- 
forming bumps wafer 201 consequent to the preheating, since the pre-forming bumps 
wafer 201 is placed on the aluminum plate 163, the charge of the rear face 201b where 
charge is easy to accumulate is grounded via the aluminum plate 163 and hence can be 
efficiently removed. A temperature rise rate for preheating the pre-forming bumps 
wafer 201 can be adopted within a range of temperature rise rate which is not to break 
the pre-forming bumps wafer 201 by a sudden temperature change, namely, within 
approximately 50°C/min. Within this range, as shown in Fig. 38, for instance, a 
moderate temperature rise rate of approximately 5-10°C/min or a sudden temperature 
rise rate of approximately 20-40°C/min or the like, various temperature rise rates can be 
adopted even for the charge appearance semiconductor substrates which generate charge 
by the temperature change. The cycle time of the same level as the conventional art can 
be maintained even when the preheating is performed. 

[0121] In the constitution in which the plate heater frame 162 and aluminum plate 163 
are moved up and down integrally at all times without being separated, a temperature 
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rise can be controlled as in Fig. 39. That is, the operation in step 312 is carried out from 
a time tl to a time t2, whereby a temperature of the pre-forming bumps wafer 201 is 
raised from about 40°C to about 60-120°C. Thereafter, the temperature rise to about 
210°C is controlled by the moderate or sudden temperature rise rate as above. 
[0122] When the temperature of the pre-forming bumps wafer 201 is raised to about 
210°C, the operation moves to a next step 5. In step 5, as indicated in Fig. 40, the pre- 
forming bumps wafer 201 is carried from the preheat device 160 to the bonding stage 
110. An amount of charge of the pre-forming bumps wafer 201 is smaller at around 
210°C in comparison with, for example, at 100°C or so. Therefore, there is little 
probability that sparking is brought about to the pre-forming bumps wafer 201 when the 
pre-forming bumps wafer is moved from the preheat device 160 to the bonding stage 
110. Fig. 40 shows the operation if the plate heater frame 162 and the aluminum plate 
163 of the preheat device 160 are made separable. 

[0123] In step 501 of Fig. 40, the first holding member 1414 and the second holding 
member 1415 are opened by driving the driving part 1412 of the carry-in side transfer 
device 141. In step 502, the aluminum plate 163 of the preheat device 160 is moved 
from the down position 167 to the up position 168. Each holding hook 1417 of the first 
holding member 1414 and the second holding member 1415 at this time enters the 
groove 1607 of the aluminum plate 163. The first holding member 1414 and second 
holding member 1415 are closed in step 503. The blow suction device 1611 is worked 
in step 504, whereby the air is jetted from the air holes 1608 of the aluminum plate 163 
to separate the aluminum plate 163 and the pre-forming bumps wafer 201 from each 
other. The jetted air is set to a temperature of a level so that a decrease in temperature 
of the preheated pre-forming bumps wafer 201 can be prevented as much as possible 
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(for example, set to approximately 160°C 160°C). During the blowing, the aluminum 
plate 163 is moved down in step 505 and the pre-forming bumps wafer 201 is held to 
the wafer holding part 1411 having the first holding member 1414 and the second 
holding member 1415. The operation of the blow suction device 1611 is stopped so as 
to stop the blowing in step 506. The wafer holding part 141 1 holding the temperature- 
raised pre-forming bumps wafer 201 is moved to above the bonding stage 201 in step 
507. The step shifts to an operation of loading the pre-forming bumps wafer to the 
bonding stage 1 10 to be described later. 

[0124] Meanwhile, the aluminum plate 163 of the preheat device 160 heated to 
approximately 21 0°C should be lowered again to nearly the room temperature before the 
next pre-forming bumps wafer 201 at the room temperature is loaded thereto. In step 

510 of Fig. 40, the cooling air supply device 1613 is operated to supply the air for 
cooling to the cooling medium path 1612 in the aluminum plate 163. Further in steps 

511 and 512, the air cylinder 1601 of the preheat device 160 is operated to raise the 
aluminum plate 163 from the down position 167 to the up position 168, thereby 
separating the plate heater frame 162 and the aluminum plate 163. The temperature of 
the aluminum plate 163 is then cooled to about 30°C. Although a cooling temperature 
of the aluminum plate 163 is set to be about 30°C as described above, the temperature is 
not limited to this. That is, the cooling temperature of the aluminum plate 163 can be 
set so that the amount of charge of the pre-forming bumps wafer 201 does not exceed an 
allowable value and the pre-forming bumps wafer is prevented from being warped by 
the temperature difference between the pre-forming bumps wafer 201 of the ordinary 
temperature and the aluminum plate 163. The aluminum plate 163 can be efficiently 
cooled by separating the plate heater frame 162 and the aluminum plate 163 as 
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described above. After the aluminum plate 163 is cooled to about 30°C, in step 513, the 
operation of the cooling air supply device 1613 is stopped to terminate the supply of the 
air for cooling. The aluminum plate 163 is moved down in step 514. The wafer holding 
part 1411 of the carry-in side transfer device 141 is returned to above the carry unit 130 
in step 515. 

[0125] On the other hand, when the plate heater frame 162 and the aluminum plate 163 
are adapted to move up and down in one unit at all times without being separated from 
each other, operations of Fig. 41 are carried out. Similar operations in Fig. 41 to those 
described with reference to Fig. 40 are designated by the same reference numerals as in 
Fig. 40 and the description thereof will be omitted. Steps 521 and 522 in Fig, 41 
correspond respectively to steps 502 and 505 in Fig. 40, in which the preheat stage 
comprised of the plate heater frame 162 and the aluminum plate 163 in one body is 
moved up and down. 

[0126] Hereinafter will be described the operation of transferring and loading the pre- 
forming bumps wafer 201 from the preheat device 160 to the bonding stage 1 10.\ 
[0127] As described above, the pre-forming bumps wafer 201 is raised to approximately 
210°C by the preheating, and this temperature slightly decreases after preheating before 
the pre-forming bumps wafer is loaded on the bonding stage 110. If the pre-forming 
bumps wafer 201 thus slightly reduced in temperature is loaded onto the bonding stage 
1 10 heated to approximately 210°C, in some cases, the temperature difference between 
the pre-forming bumps wafer 201 and the bonding stage 110 causes the pre-forming 
bumps wafer 201 to warp as shown in Fig. 12 depending on the material of the pre- 
forming bumps wafer 201. The pre-forming bumps wafer 201 accompanied with the 
warpage is, for example, LiTaOa wafer, LiNbOa wafer or the like. As such, the 



54 



embodiment executes an operation of correcting the warpage of the pre-forming bumps 
wafer 201 on the bonding stage 101. In a case of the LiNbOa wafer, hot air is blown to 
the wafer to correct the warpage after the wafer is placed on the bonding stage 110. In a 
case of the LiTaOs wafer, the blowing of the hot air after the wafer is placed on the 
bonding stage is not carried out because it takes a longer time to correct the warpage 
than in the case of the LiNbOs wafer. Such difference is considered to result from a 
lower heat conductivity of the LiTaOs wafer than that of the LiNbOa wafer. Therefore, 
blowing the hot air is effective in reverse to the LiTaOa wafer and the temperature of the 
LiTaOa wafer can be readily made rather uniform simply by heating the wafer after 
placing the wafer on the bonding stage. The warpage correction by blowing the hot air 
will be discussed with reference to Fig. 42, and the correction without blowing the hot 
air will be described with reference to Fig. 43. 

[0128] In step 507 in Fig. 42, the pre-forming bumps wafer 201 held by the wafer 
holding part 1411 of the carry-in side transfer device 141 is carried to above the 
bonding stage 1 10 as shown in Fig. 45. In the next step 531, the bonding stage 1 10 is 
rotated in order to adjust a carry-in angle of the pre-forming bumps wafer 201 to the 
bonding stage 110. In step 532, the wafer laying stage 111 is raised in the thickness 
direction of the pre-forming bumps wafer 201 as shown in Fig. 46 and comes into 
contact with the rear face 201b of the pre-forming bumps wafer 201, thereby further 
pressing up the pre-forming bumps wafer 201. When the wafer laying stage 111 is 
raised, each holding hook 1417 of the wafer holding part 1411 enters the groove 1 16 
formed on the wafer laying stage 111. 

[0129] When the pre-forming bumps wafer is pressed upward, the contact member 
14100 for charge removal which is in contact with the front face 201a of the pre- 
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forming bumps wafer 201 is pressed up while maintaining contact with the front face 
201a against the urging force of the spring 14162. Generation of sparks at the front face 
201a is prevented because the pre-forming bumps wafer 201 has its amount of charge 
decreased in the vicinity of 210°C. Moreover, the contact member 14100 for charge 
removal is held in contact with the front face 201a as described above. 
[0130] In step 533, as shown in Fig. 47, the first holding member 1414 and second 
holding member 1415 are moved in the opening direction by the operation of the 
driving part 1412 of the carry-in side transfer device 141. The holding of the pre- 
forming bumps wafer 201 by the wafer holding part 1411 is released. 
[0131] In the above state, the blower 1 15 is worked in step 534 to blow out the hot air 
for warpage correction of approximately 160°C from the air holes 113 opened in the 
wafer laying stage 111. Although the pre-forming bumps wafer 201 floats by 
approximately 0,5mm up from the wafer laying stage 111 due to the blowing, the 
holding hooks 1417 of the first holding member 1414 and the second holding member 
1415 present in the periphery of the pre-forming bumps wafer 201 prevent the floating 
pre-forming bumps wafer 201 from dropping from on the wafer laying stage 111. The 
hot air for warpage correction is blown for about 2-4 minutes in which the warpage of 
the LiNbOa wafer can be corrected. However, the blowing time and the temperature of 
the hot air are not limited to these values and are set depending on the material of the 
charge appearance semiconductor substrate to be corrected. 

[0132] After the blowing time is passed, the operation of the blower 1 15 is stopped in 
step 535 to turn off the blowing. In step 536, the suction device 1 14 is worked to start 
sucking the pre-forming bumps wafer 201 through the air holes 113 onto the wafer 
laying stage 111. The operation for sucking the pre-forming bumps wafer is detected in 
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step 537, and the wafer laying stage 1 1 1 moves down to the original position while 
holding the pre-forming bumps wafer 201 as shown in Fig. 48 in step 538. 
[0133] The warpage correction is completed in the above procedures. The wafer 
holding part 141 1 of the carry-in side transfer device 141 is then moved to above the 
carry unit 130. 

[0134] The warpage correction without blowing the hot air will now be described. Each 
operation in steps 507, 531, 532, 536 and 537 among operations in Fig. 43 is identical to 
the operation described hereinabove with reference to Fig. 42 and will be omitted from 
the following description. The wafer laying stage 1 1 1 is moved up in step 532 and the 
pre-forming bumps wafer 201 is loaded on the wafer laying stage 1 1 1 in step 541. The 
pre-forming bumps wafer 201 is not sucked by the wafer laying stage 1 1 1 at this time 
because if the pre-forming bumps wafer 201 were sucked to the wafer laying stage with 
the pre-forming bumps wafer 201 warped, the pre-forming bumps wafer 201 would be 
limited in deformation, probably resulting in a crack or similar damage. The wafer 
laying stage 11 1 is moved down to the original position in step 542. 
[0135] As a result of the movement down to the original position, the wafer laying stage 
1 1 1 is heated again by the heater 1 12 to approximately 210°C. In step 543, according to 
the present embodiment, the pre-forming bumps wafer 201 is loaded on the wafer laying 
stage 1 1 1 without blowing the hot air for warpage correction for approximately 2 
minutes during which the warpage correction to the LiTaOa wafer can be accomplished. 
During this time, the LiTaOs wafer is heated by the wafer laying stage 1 1 1 and the 
warpage is corrected. The time during which the pre-forming bumps wafer is left as 
above and the temperature for warpage correction are set depending on the material of 
the charge appearance semiconductor substrate to be corrected and are not limited to the 
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above values. 

[0136] The warpage of the pre-forming bumps wafer 201 can be corrected by the 
warpage correction either with blowing the hot air or without blowing the hot air, so that 
cracks or similar damage to the pre-forming bumps wafer 201 is prevented. 
[0137] After the above-discussed warpage correction operation, bumps are formed by 
the bump forming head 120 to electrode parts of the circuits on the pre-forming bumps 
wafer 201. The pre-forming bumps wafer 201 is maintained at the bump bonding 
temperature during the bump formation while hardly being subjected to a temperature 
change. Therefore, charge is rarely generated on the pre-forming bumps wafer 201. 
[0138] In step 6, after the bumps are formed, the pre-forming bumps wafer 202 is 
caught by the first holding member 1424 and the second holding member 1425 of the 
wafer holding part 1421 of the carry-out side transfer device 142, the wafer holding part 
1421 is moved in the X direction by working the moving device 1423 of the carry-out 
side transfer device 142, the wafer with formed bumps 202 is moved above the post- 
forming bumps heating device 170 as shown in Fig. 2, and then the wafer with formed 
bumps is placed on the post-forming bumps heating device 170. These operations will 
be detailed hereinbelow with reference to Figs. 50 and 51. 

[0139] In step 601 of Fig. 50, the aluminum plate 173 of the post-forming bumps 
heating device 170 is heated to approximately 210°C. In step 602, the wafer with 
formed bumps 202 held by the wafer holding part 1421 is carried to above the post- 
forming bumps heating device 170. In step 603, the heated aluminum plate 173 is 
raised from the down position 167 to the up position 168. The wafer with formed 
bumps 202 comes into contact with the aluminum plate 173 and is loaded on the 
aluminum plate 173. The holding hooks 1417 of the first holding member 1424 and the 
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second holding member 1425 of the wafer holding part 1421 of the carry-out side 
transfer device 142 enter the grooves 1707 formed in the aluminum plate 173. In step 
604, the first holding member 1424 and the second holding member 1425 of the wafer 
holding part 1421 of the carry-out side transfer device 142 are opened. The holding of 
the wafer with formed bumps 202 is relieved. Post-forming bumps heating operation in 
step 7 is slightly different between when the post-forming bumps heating device 170 
has the separable plate heater frame 172 and aluminum plate 173 as in the present 
embodiment, and when the post-forming bumps heating device 170 is constructed as the 
first body type as in the foregoing modified example. 

[0140] In the case of the first body type, the following steps 641-647 can be executed 
between the steps 601 and 602. 

[0141] Specifically, in step 641 of Fig. 51, it is determined whether or not it is 
necessary to particularly heat the holding hooks 1417 of the wafer holding part 1421 of 
the carry-out side transfer device 142. That is, when the wafer with formed bumps 202 
heated to approximately 210°C by the bonding stage 110 is held and transferred by the 
wafer holding part 1421 of the carry-out side transfer device 142 to the post-forming 
bumps heating device 170, if such temperature difference that damages the wafer with 
formed bumps202 (e.g., approximately 40°C) is present between the wafer holding part 
1421, particularly the holding hooks 1417 and the wafer with formed bumps 202, there 
is a risk of damage to the wafer with formed bumps 202 when the wafer is held. It 
depends on the material or the like of the handled charge appearance semiconductor 
substrate whether or not the temperature difference or damage is brought about. 
Because of this reason, whether to heat the wafer holding part 1421 is determined in 
step 641. When the heating is to be conducted, the step moves to step 642. When the 
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heating is not necessary, the step moves to step 646. 

[0142] When the heating is to be carried out, in step 642, the moving device 1423 of the 
carry-out side transfer device 142 is operated to move the wafer holding part 1421 of 
the carry-out side transfer device 142 to above the post-forming bumps heating device 
170, In step 643, a post-forming bumps heating stage constituted integrally of the plate 
heater frame 172 and aluminum plate 173 of the post-forming bumps heating device 
170 is moved up from the down position 167 to the up position 168. Each of the 
holding hooks 1417 of the first holding member 1424 and the second holding member 
1425 at the wafer holding part 1421 of the carry-out side transfer device 142 enters the 
groove 1707 formed in the aluminum plate 173, In step 644, the temperature of the 
post-forming bumps heating stage is raised to about 210°C. Then the holding hooks 
1417 present in the grooves 1 707 and also the wafer holding part 142 1 are heated in step 
645, After the heating, the post- forming bumps heating stage is lowered to the down 
position 167 in step 646. 

[0143] In step 647, the heated wafer holding part 1421 is moved to above the bonding 
stage 1 10. The wafer laying stage 1 1 1 of the bonding stage 1 10 is moved up, and the 
wafer with formed bumps 202 on the wafer laying stage 1 1 1 is held to the wafer holding 
part 1421 in step 648. The step moves to step 602 and then to step 607 through steps 
603 and 604. 

[0144] In step 7, while a decrease in temperature of the wafer 202 is controlled by 
heating the wafer with formed bumps 202 by the post-forming bumps heating device 
170, the wafer with formed bumps 202 is heated for post-forming bumps to a 
temperature exceeding the room temperature by approximately 10°C from the bump 
bonding temperature (i.e., approximately 210'^C). 
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[0145] The wafer with formed bumps 202 which is the charge appearance 
semiconductor substrate is charged due to the temperature change in the decreasing 
temperature. However, since the wafer with formed bumps 202 is loaded in direct 
contact with the aluminum plate 173 of the post-forming bumps heating device 170 as 
described above, electric charge of the rear face which is particularly easy to charge can 
be efficiently grounded via the aluminum plate 173. Similar to the preheating operation 
discussed earlier, various kinds of decrease in temperature control as indicated in Fig. 
52 are accordingly made possible although the charge appearance semiconductor 
substrate is handled. That is, the decrease in temperature can be controlled not only by 
controlling the temperature of the plate heater 171, but also by a variety of controls in 
operation, specifically, by separating the plate heater frame 172 and the aluminum plate 
173, by not separating the plate heater frame and the aluminum plate, by supplying the 
air for cooling, and by not supplying the air for cooling, in a case of the structure as in 
the embodiment where the plate heater frame 172 and the aluminum plate 173 are 
rendered separable. 

[0146] A decrease in temperature curve designated by a reference numeral 1101 in Fig. 
52 is obtained when the plate heater frame 172 and the aluminum plate 173 are 
separated and also the air for cooling is supplied to the aluminum plate 173. A decrease 
in temperature curve of a reference numeral 1102 is obtained when only the air for 
cooling is supplied without separating the plate heater frame and the aluminum plate. A 
decrease in temperature curve of a reference numeral 1103 is obtained when the plate 
heater frame and the aluminum plate are separated without the air for cooling supplied, 
while a decrease in temperature curve of a reference numeral 1 104 is a curve when the 
separation and the supply of the air for cooling are not carried out. The decrease in 
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temperature control in each above case will be depicted below. 

[0147] Fig. 53 shows an operation in which the decrease in temperature of the 
aluminum plate 173 (i.e., wafer with formed bumps 202 placed on the aluminum plate 
173) is controlled while the plate heater frame 172 and aluminum plate 173 are 
separated. In step 61 1 of Fig. 53, the temperature of the plate heater 171 is lowered by 
the temperature control or naturally cooled to approximately 100°C from approximately 
210°C. At the same time, the aluminum plate 173 is moved to the up position 168 to be 
separated from the plate heater frame 172. It is determined in step 612 whether or not 
the temperature of the aluminum plate 173 of the post-forming bumps heating device 
170 has reached approximately 150°C through the decrease in temperature in the 
embodiment The temperature 150°C is a temperature at which a decrease in 
temperature rate changes. That is, a decrease in temperature rate at lower than 150T 
becomes lower than a decrease in temperature rate from approximately 210°C to 
approximately 150''C when the cooling is started from approximately 210°C. The value 
ISO^^C is obtained from experiments by the applicant. The temperature value is set on a 
basis of the material of the charge appearance semiconductor substrate, the bonding 
temperature and the like, and not restricted to the above 150°C. The cooling air supply 
device 1713 is operated in step 613 to supply the air for cooling to the aluminum plate 
173 after the aluminum plate 173 becomes approximately 150°C. It is determined in 
step 614 whether or not the temperature of the aluminum plate 173 is decreased to 
approximately 40°C. The operation of the cooling air supply device 1713 is stopped 
when the aluminum plate is decreased to approximately 40°C, thereby shutting the 
supply of the air for cooling to the aluminum plate 173. The temperature of 40°C is a 
value to be set on the basis of the material of the charge appearance semiconductor 
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substrate, and is not limited to this value. 

[0148] The above steps 611-615 realize the decrease in temperature control indicated by 
the reference numeral 1101 in Fig. 52. In this case, the aluminum plate 173 can be 
cooled from approximately 210°C to approximately 40X in about 10 minutes. 
[0149] Without the steps 613-615 executed, a decrease in temperature control 
designated by a reference numeral 1 103 in Fig. 52 is executed. The aluminum plate 173 
is decreased in temperature from approximately 210°C to approximately 40°C in about 
25-30 minutes. 

[0150] According to the operation in Fig. 54, the decrease in temperature of the 
aluminum plate 173 (namely, the wafer with formed bumps 202 loaded on the 
aluminum plate 173) is controlled without separating the plate heater frame 172 from 
the aluminum plate 173. A difference between the decrease in temperature control in 
Fig. 53 and that in Fig. 54 is only whether or not the plate heater frame 172 and the 
aluminum plate 173 are separated, and therefore a detailed description will be omitted. 
Operations in steps 621-625 in Fig. 54 correspond to operations in steps 611-615 of Fig. 
53 respectively. 

[0151] Through the operations in steps 621-625, the decrease in temperature control 
indicated by the reference numeral 1102 in Fig. 52 is achieved. In this case, the 
aluminum plate 173 can be lowered from approximately 210°C to approximately 40°C 
in about 20 minutes. 

[0152] The decrease in temperature control of the reference numeral 1 104 in Fig. 52 is 
executed in the absence of steps 623-625. The aluminum plate 173 is lowered from 
approximately 21 0°C to approximately 40°C in 50 minutes. 

[0153] The step moves to step 8 after the above-discussed post-forming bumps heating, 
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and then the following operation is carried out. The wafer with formed bumps 202 is 
held by the wafer holding part 1421 of the carry-out side transfer device 142 and moved 
to above the carry-out device 132 in the X direction by driving the moving device 1423. 
Fig. 56 illustrates a state after the wafer with formed bumps is moved. An operation of 
carrying out the wafer with formed bumps 202 to the carry-out device 132 from the 
post-forming bumps heating device 170 will be described below with reference to Fig. 
55. The carry-out operation is also made slightly different depending on whether or not 
the plate heater frame 172 and the aluminum plate 173 of the post-forming bumps 
heating device 170 are separated. Steps 801 and 802 in Fig. 55 are carried out when the 
plate heater frame 172 and the aluminum plate 173 are separated, whereas steps 803- 
806 are carried out in the absence of the separation. Steps 807-810 are common to both 
cases. 

[0154] In the presence of the separation, the plate heater frame 172 and the aluminum 
plate 173 are already separated for the cooling operation in the post-forming bumps 
heating as described before and the aluminum plate 173 is positioned at the up position 
168. Therefore, in step 801, the first holding member 1424 and the second holding 
member 1425 of the wafer holding part 1421 of the carry-out side transfer device 142 
are closed, so as to hold the cooled wafer with formed bumps 202 on the aluminum 
plate 173. In step 802, the blow suction device 1711 is worked to jet the air for blowing 
from the air holes 1707 of the aluminum plate 173, thus making the wafer with formed 
bumps 202 float from the aluminum plate 173. Then the step moves to step 807 to be 
described later. 

[0155] On the other hand, when the separation is not carried out, the first holding 
member 1424 and the second holding member 1425 of the wafer holding part 1421 of 
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the carry-out side transfer device 142 arranged above the post-forming bumps heating 
device 170 are opened in step 803. In the next step 804, the post-forming bumps 
heating stage of the plate heater frame 172 and the aluminum plate 173 constituted as 
one body is moved to the up position 168. The first holding member 1424 and the 
second holding member 1425 are closed in step 805 thereby holding the cooled wafer 
with formed bumps 202. In step 806, the blow suction device 171 1 is activated to jet 
out the air for blowing from the air holes 1708 of the aluminum plate 173, whereby the 
wafer with formed bumps 202 floats up from the aluminum plate 1 73. 
[0156] In step 807, only the aluminum plate 173 is lowered to the down position 167 
when the separation is executed, or the post-forming bumps heating stage is lowered to 
the down position 167 in the absence of the separation. As a result, the wafer with 
formed bumps 202 held by the wafer holding part 1421 is positioned above the post- 
forming bumps heating device 170. In step 808, the operation of the blow suction 
device 1711 is stopped to stop jetting out the air for blowing. In step 809, the wafer 
with formed bumps is moved to above the carry-out device 132 in the X direction by 
driving the moving device 1423 of the carry-out side transfer device 142. 
[0157] In step 810, the post-forming bumps heating device 170 raises the temperature 
of the aluminum plate 173 again from approximately 40°C to approximately 210°C 
when the next wafer with formed bumps 202 is to be accepted. 

[0158] After the wafer with formed bumps is moved as described above, the driving 
part 1324 of the carry-out device 132 works, the holding part 1323 comes in contact 
with the rear face 202b of the wafer with formed bumps 202 as shown in Fig. 57, and 
moves up so that the wafer with formed bumps 202 is positioned approximately 1mm 
up from the holding hooks 141 7 of the wafer holding part 1421 . When the holding part 
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1323 contacts the rear face 202b, the charge of the rear face 202b is grounded through 
the holding part 1323 and the amount of charge of the rear face 202b is reduced. The 
contact member 14100 for charge removal maintains contact with the front face 202a of 
the wafer with formed bumps 202 also when the above upward movement is performed. 
Therefore, similar to when the wafers 201 and 202 are transported at the carry-in device 
131 and bonding stage 110, even when charge on the front face 202a is changed due to a 
change in the amount of charge on the rear face 202b because of the holding part 1323 
coming in contact with the rear face 202b of the wafer with formed bumps 202, an 
amount of charge resulting from the change can be eliminated. 

[0159] After the upward movement, the holding part 1323 holds the wafer with formed 
bumps 202 by suction. 

[0160] The first holding member 1424 and the second holding member 1425 of the 
wafer holding part 1421 are opened by the driving part 1422 as shown in Fig. 58 after 
the holding part 1323 holds the wafer with formed bumps 202, thereby freeing the 
holding of the wafer with formed bumps 202. 

[0161] After relieving the holding, the holding part 1323 descends to place the wafer 
with formed bumps 202 onto the holding stage 1321 as shown in Figs. 59 and 60. The 
holding stage 1321 having the wafer with formed bumps loaded holds the wafer with 
formed bumps 202 by suction in the embodiment. 

[0162] In step 9, the holding stage 1321 with the wafer with formed bumps 202 is 
moved in the X direction by the operation of the carry-out side transfer device 1322 to 
transfer the wafer with formed bumps 202 towards the second storage container 206. 
[0163] In step 10, the holding stage 1321 stores the wafer with formed bumps 202 in the 
second storage container 206. 
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[0164] As described hereinabove, according to the bump forming apparatus 101 in the 
embodiment, the charge appearance semiconductor substrate (e.g., piezoelectric 
substrate wafer or the like which generates electric charge subsequent to the temperature 
change) is directly brought in contact with on the aluminum plates 163 and 173 
constituting the preheat device 160 and post-forming bumps heating device 170 when 
the temperature change is brought about to the wafer in the preheating and post-forming 
bumps heating. Therefore, the wafer is grounded in this manner. Thus, electric charge 
resulting from the temperature change can be reduced to a degree where no damage is 
added to the circuit formed on the wafer and no crack or similar damage occurs to the 
wafer itself due to, for example, a decrease in uniting force to the stage, for example, 
without forming an aluminum film along the dicing lines of the wafer or without 
forming an aluminum film on the entire rear face of the wafer. 

[0165] Particularly, in the case where the wafer has a thickness of 0.2mm or smaller or 
when a distance between lines of the circuit formed on the wafer is smaller than l^m 
and particularly a difference in width of adjacent lines is large, a large charge removal 
effect can be obtained by controlling the temperature rise and the decrease in 
temperature in the above preheating and post-forming bumps heating. 
[0166] The temperature rise rate in the preheating and the decrease in temperature rate 
in the post-forming bumps heating can be set for every type of wafers to which bumps 
are to be formed (i.e., for every material, for every size or the like of the wafers). The 
rates may be stored in the memory 181 of the controller 180, so that the control can be 
changed in accordance with the type of wafers to be processed. 

[0167] According to the embodiment as described hereinabove, the temperature control 
is executed both for the temperature rise of the pre-forming bumps wafer 201 and for 
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the decrease in temperature of the wafer with formed bumps 202. However, it is 
enough to execute at least the decrease in temperature control when the bump bonding 
temperature is lowered to the room temperature. There is a reason for this as follows. 
That is, the wafers 201 and 202 have the characteristic that it is hard to eliminate charge 
once these wafers are charged. Further, the wafer 202 is stored in the second storage 
container 206 after being lowered from the bump bonding temperature to the room 
temperature. Therefore, if the wafer 202 is kept charged when stored in the second 
storage container, there would be a possibility that problems are caused. Accordingly 
electric charge of the wafer 202 should be sufficiently eliminated. 
[0168] Since the amount of charge of the wafer with formed bumps 202 should be 
reduced before the wafer is stored in the second storage container 206, as indicated in 
Fig. 61, the ion generator 190 is at least preferably located at the side of the rear face 
202b of the wafer with formed bumps 202, and more preferably at both sides of the 
front and rear faces of the wafer with formed bumps during a time while the wafer with 
formed bumps 202 is delivered from the wafer holding part 1421 of the carry-out side 
transfer device 142 to the carry-out device 132. Since the rear face 202b of the wafer 
with formed bumps 202 is negatively charged and the front face 202a is positively 
charged at the time of the delivery, and for neutralizing the charge, an ion generator 
190-1 disposed at the side of the rear face 202b generates positive ions and an ion 
generator 190-2 disposed at the side of the front face 202a generates negative ions. 
Each of the ion generators 190-1 and 190-2 is connected to and controlled by the 
controller 180. In a state shown in Fig. 61, the ion generators 190-1 and 190-2 apply 
ions to the wafer with formed bumps 202 when the wafer holding part 1421 holding the 
wafer with formed bumps 202 is disposed above the carry-out device 132. More 
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specifically, the generators apply ions to the wafer with formed bumps 202 during the 
above delivery (i.e., during each operation from Fig. 57 to Fig. 60). 
[0169] In comparison to a case without the ion generator, the presence of the ion 
generator 190 can further decrease the amount of charge as will be described below, 
although values of the amount of charge below are examples. In the absence of the 
above temperature rise control and the decrease in temperature control of the 
embodiment, the amount of charge of the front face 202a of the wafer with formed 
bumps 202 is approximately +18V and the amount of charge of the rear face 202b is 
approximately -lOOOV as mentioned before when the wafer holding part 1421 is 
arranged above the carry-out device 132. The amount of charge of the front face 202a 
can be changed to approximately +22V and the amount of charge of the rear face 202b 
can be changed to approximately +22 V by applying the ions by the ion generator 190 to 
both the front and the rear faces of the wafer with formed bumps 202 for four minutes. 
The charge of the rear face 202b can thus be reduced more by applying ions to at least 
the rear face 202b by the ion generator 190 in addition to the temperature rise control or 
the decrease in temperature control. 

[0170] Furthermore, for more efficiently applying the ions generated from the ion 
generators 190-1 and 190-2 to at least the rear face 202b, a blower 191 may be installed 
as shown in Fig. 61 at least at the side of the rear face 202b to more efficiently move the 
generated ions to the rear face 202b. The blower 191 is controlled by the controller 180. 
[0171] As shown in Fig. 61, an electrostatic sensor 251 can be installed to measure the 
amount of charge of at least the rear face 202b, preferably both faces including the front 
face 202a. An amount of ions to be generated by the ion generator 190 or a volume of 
air of the blower 191 can be controlled by the controller ISO based on the measured 
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amount of charge. 

[0172] Ions generated by the ion generator 190 may be applied in order to more 
efficiently eliminate electric charge also in the post-forming bumps heating before the 
wafer with formed bumps 202 is delivered from the wafer holding part 1421 to the 
carry-out device 132. 

[0173] Ions by the ion generator 190 can be applied in the preheating as well. 
[0174] Although the warpage is corrected when the pre-forming bumps wafer 201 is 
loaded to the bonding stage 110 in the above-described embodiment, the warpage 
correction may be additionally carried out by working the blow suction devices 1611 
and 1711 to also jet the gas when the pre-forming bumps wafer 201 is placed at the 
preheat device 160 and also when the wafer with formed bumps 202 is placed at the 
post-forming bumps heating device 170. 

[0175] The pre-forming bumps wafer 201 and the wafer with formed bumps 202 are 
positively charged due to the temperature rise and are negatively charged due to the 
decrease in temperature. With utilization of this phenomenon, the temperature rise 
control is executed so that the pre-forming bumps wafer 201 is raised from the room 
temperature to the bump bonding temperature not in one stroke, but gradually by 
alternately repeating the temperature rise and the decrease in temperature, as shown in 
Fig. 44. The preheating in this manner enables neutralization of the positive charge 
generated by the temperature rise with the negative charge generated by the decrease in 
temperature. In other words, an increased amount of charge is eliminated by electric 
charge which is generated and an opposite polarity every time when the amount of 
charge is increased, and the amount of charge of the pre-forming bumps wafer 201 is 
maintained at the initial amount even after the pre-forming bumps wafer is raised to the 
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bump bonding temperature. Similarly, as shown in Fig. 49, such a decrease in 
temperature control is enabled in the post-forming bumps heating that the wafer with 
formed bumps 202 is not lowered all at once from the bump bonding temperature to the 
room temperature, but is gradually lowered by alternately repeating the temperature rise 
and decrease in temperature. 

[01761 The temperature rise control and the decrease in temperature control in the 
above zigzag fashion can be used in the preheating and post-forming bumps heating in 
the preheat device 160 and post-forming bumps heating device 170. 
[0177] In the preheat device 160 and the post-forming bumps heating device 170 
according to the embodiment, the rear faces of the pre-forming bumps wafer 201 and 
wafer with formed bumps 202 are nearly entirely held in contact with the aluminum 
plates 163 and 173. Considered only from a view point of the charge removal, it is not 
always necessary to keep the whole face in contact with the aluminum plate, and it is 
enough to hold the pre-forming bumps wafer 201 and the wafer with formed bumps 202 
in looped contact with a conductive member by approximately 1/3 a radius from the 
outer circumference to the center. 

[0178] The decrease in temperature control is carried out with the use of the post- 
forming bumps heating device 170, while the temperature rise control is carried out with 
the use of the preheat device 160 in the embodiment. Since the operations are 
independently carried out as described above, processes from supplying the wafer to 
carrying out the wafer can be more efficiently executed, while shortening the cycle 
time. However, if there is a time allowance in the processes or in the like case, the 
preheat device 160 and the post-forming bumps heating device 170 may be eliminated 
as in a bump forming apparatus 102 of Fig. 62, in which operations of keeping the wafer 
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201 at the bump bonding temperature, the decrease in temperature control in the post- 
forming bumps heating and the temperature rise control in the preheating can be 
executed by the bonding stage 110 under the control of the controller 180. 
[0179] In such arrangement as described above, either one of the carry-in side transfer 
device 141 and the carry-out side transfer device 142 is enough. Consequently, the 
bump forming apparatus is made compact in synergy with the elimination of the preheat 
device 160 and the post-forming bumps heating device 170. 

[0180] Fig. 63 shows operations of the preheating, the bump-bonding and the post- 
forming bumps heating in the structure of the bump forming apparatus 102, that is, with 
the preheat device 160 and the post-forming bumps heating device 170 being eliminated 
while the charge appearance semiconductor substrate such as the pre-forming bumps 
wafer 201 or the like is placed on the wafer laying stage 1 1 1 of the bonding stage 1 10. 
In step 1001 in Fig. 63, for example, a transfer device 143 such as the above carry-in 
side transfer device 141 is used to load the pre-forming bumps wafer 201 as the charge 
appearance semiconductor substrate from the carry unit 130 onto the wafer laying stage 
1 1 1 of the bonding stage 110. The wafer laying stage 1 1 1 at this time is approximately 
40°C. In step 1002, the suction device 1 14 of the bonding stage 110 is worked to suck a 
loaded sub plate 195 to be described later onto the wafer laying stage 1 1 1 in the case 
where the sub plate is employed. On the other hand, when the pre-forming bumps 
wafer 201 is to be directly placed onto the wafer laying stage 111, the suction is not 
carried out. The reason for this is as follows. In the next step 1003, the pre-forming 
bumps wafer 201 is raised from approximately 40°C to approximately 210°C, and the 
deformation such as warpage or the like is caused by the above temperature change. 
Therefore, if the suction operation limits the deformation of the wafer, there is a 
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possibility that the pre-forming bumps wafer 201 is damaged. Thus, the suction 
operation is not performed for avoiding the damage. 

[0181] In step 1003, the temperature of the pre-forming bumps wafer 201 is raised at 
the temperature rise rate of, e.g., 10°C/min. Since the pre-forming bumps wafer 201 is 
in direct contact with the wafer laying stage 111, electric charge generated on the pre- 
forming bumps wafer 201 by the temperature change at the temperature rise time can be 
efficiently removed through the wafer laying stage 111. Therefore, the temperature rise 
rate can be set variously as discussed before. 

[0182] In step 1004, movement of the pre-forming bumps wafer 201 on the wafer 
laying stage 1 1 1 is limited, for example, by the holding hooks 1417 of the wafer holding 
part 141 1 of the carry-in side transfer device 141. In next step 1005, the blower 1 15 is 
operated to blow the hot air from the air holes 1 13 of the wafer laying stage 1 1 1 to the 
pre-forming bumps wafer 201, thereby carrying out the charge removal by discharging 
electric charge of the pre-forming bumps wafer 201 into the air. Then, in step 1006, the 
suction device 1 14 is operated to suck the pre-forming bumps wafer 201 onto the wafer 
laying stage 111. After steps 1005 and 1006 are carried out, these steps are carried out 
again in the embodiment. In other words, the blowing operation for charge removal is 
conducted twice. The number of times the blowing operation for charge removal is 
performed, and the time period of the blowing can be set in accordance with the amount 
of charge of the pre-forming bumps wafer 201. For example, the blowing may be 
carried out once for only a set time when the amount of charge is approximately -50V or 
smaller, or carried out once under conditions of continuous blowing when the amount of 
charge is approximately -800V. When the amount of charge is approximately -lOOOV, 
the blowing can be carried out for a plurality of times under conditions of continuous 
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blowing as above. 

[0183] In step 1007, bump bonding is executed upon the pre-forming bumps wafer 201. 
In step 1008, the suction device 114 is stopped to stop the suction. The reason for 
stopping the suction at this time point is the same as when the suction is not conducted 
in step 1002 (i.e., to avoid damage by not limiting the deformation of the wafer with 
formed bumps 202 because of the temperature change). 

[0184] In the next step 1009, the temperature of the wafer laying stage 1 1 1 is lowered 
from approximately 210°C to approximately 40°C, for example, at the decrease in 
temperature rate of 10°C/min. The wafer with formed bumps 202 is held in direct 
contact with the wafer laying stage 1 1 1, s so that, charge generated on the wafer with 
formed bumps 202 as a result of the temperature change at the decrease in temperature 
can be efficiently removed by the wafer laying stage 111, Therefore, the decrease in 
temperature rate can be set variously as described earlier. In step 1010, the wafer with 
formed bumps 202 is subjected to blowing to float from the wafer laying stage 111. 
The wafer with formed bumps 202 is moved from the wafer laying stage 1 1 1 to the 
carry-out device 132 by the transfer device. 

[0185] The above-described blowing operation for charge removal may be performed in 
the preheating operation and the post-forming bumps heating operation in the bump 
forming apparatus 101 equipped with the preheat device 160 and post-forming bumps 
heating device 170 by operating the blow suction devices 1611 and 1711 and jetting the 
gas. 

[0186] Although a protecting member (sub plate) for protecting a wafer from breaking 
is not attached to the rear face 201b of the pre-forming bumps wafer 201 in the above 
description, the sub plate 195, such as that shown in Fig. 64, may be attached to the rear 
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face 201b. The sub plate 195 is formed of, for instance, a metallic material such as 
aluminum or the like. The rear face 201b of the pre-forming bumps wafer 201 is 
brought into contact with the sub plate 195,and the pre-forming bumps wafer is held to 
the sub plate 195 by leaf springs 196 fitted to the sub plate 195. 
[0187] The wafers 201 and 202 are prevented from breaking due to the presence of the 
sub plate 195. Moreover, since the rear face 201b is always kept in contact with the sub 
plate 195 and made conductive to the front face 201a via the leaf springs 196, a 
difference in the amount of charge between the front and rear faces can be lessened and 
an occurrence of damage to the circuit formed on the pre-forming bumps wafer 201 
caused by charge can be reduced. 

[0188] The sub plate 195 has a plurality of through holes 197 penetrating therethrough 
in a thickness direction, so that heat from plate heaters 161 and 171 effectively act on 
the wafers 201 and 202 during the preheating operation and the post-forming bumps 
heating operation. Moreover, ions generated by the ion generator 190 effectively act on 
the rear faces 201b and 202b of the wafers 201 and 202. 

[0189] The charge removal operation executed upon the charge appearance 
semiconductor substrate by the bump forming apparatus 101 and the bump forming 
apparatus 102 described above can form the charge appearance semiconductor substrate 
with the charge being reduced to about ±200V on an average. When the ion generator 
190 is used in addition, the charge appearance semiconductor substrate having the 
charge reduced to approximately ±20-30V as mentioned above can be obtained. The 
pyroelectric breakdown of the circuit formed on the charge appearance semiconductor 
substrate, damage such as breakage of the charge appearance semiconductor substrate 
itself, etc. caused by the electric charge can be prevented accordingly. 
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[0190] Charges of the charge appearance semiconductor substrate are removed or 
reduced in the bump forming apparatus 101 of the embodiment by arranging the 
substrate so as to be in contact with the preheat device 160 and the post-forming bumps 
heating device 170. However, an arrangement such as a modified example to be 
described below is also available, in which charge is removed or reduced without 
bringing the charge appearance semiconductor substrate into contact with the preheat 
device and the post-forming bumps heating device. 

[0191] Fig. 71 is a diagram corresponding to Fig. 2, indicating a bump forming 
apparatus 501 as the aforementioned modified example. A primary difference between 
the bump forming apparatus 501 and the earlier-described bump forming apparatus 101 
is found in a preheat device 560, a post-forming bumps heating device 570, and the 
operation for removing or reducing electric charge. The preheat device 560 corresponds 
to the earlier preheat device 160, and the post- forming bumps heating device 570 
corresponds to the post-forming bumps heating device 170. The same parts are 
designated by the same reference numerals in the bump forming apparatus 501 as in the 
bump forming apparatus 101, the description of which will be omitted. Only different 
points in the structure of the preheat device 560 and post-forming bumps heating device 
570 from the preheat device 160 and post-forming bumps heating device 170 and the 
charge removal and reduction operation will be discussed in the following description. 
[0192] Referring to Figs. 72 and 73, the preheat device 560 is an apparatus for raising 
the pre-forming bumps wafer 201 caught by the wafer holding part 1411 from the carry- 
in device 131 from the room temperature to the vicinity of approximately 210°C which 
is the bump bonding temperature when bumps are formed at the bonding stage 1 10 in a 
state with the pre-forming bumps wafer 201 kept out of contact with the preheat device 
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560 and held by the wafer holding part. The preheat device has a structure in which the 
aluminum plate 163 as the heat diffuser member is mounted on the plate heater frame 
162 having the plate heater 161 as a heat source. The bump bonding temperature 
(namely, approximately 210''C)can be changed in a range from approximately 150°C to 
approximately 210°C in accordance with the material or the like of the pre-forming 
bumps wafer 201. 

[0193] The plate heater 161 is controlled by the controller 180 to raise the temperature 
with reference to temperature information from the temperature sensor 166, such as a 
thermocouple or the like, which measures a temperature of the aluminum plate 163. 
This operation of raising the temperature is one of the characteristic operations of the 
bump forming apparatus 501 and will be detailed later. In order to be able to execute 
the characteristic raising temperature operation, a path 164 for cooling material is 
formed in a serpentine shape on the aluminum plate 163. In the embodiment, air at the 
room temperature is used as the cooling material and supplied to the path 164 by the air 
supply device 165 controlled by the controller 180. Although water may be used as the 
cooling material, the temperature rise or decrease in temperature becomes hard to 
control because the water has a low response for the temperature rise or decrease. The 
air is more preferable to the water. 

[0194] The pre-forming bumps wafer 201 is arranged above the aluminum plate 163 
while held by the wafer holding part 1411 via a gap of approximately 1mm from the 
aluminum plate 163 of the preheat device 560. Grooves 567 are formed on a face of the 
aluminum plate 163 opposite to the wafer along an advance direction of the wafer 
holding part 141 1 so as to avoid interference with the holding hooks 1417 of the wafer 
holding part 141 1. 
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[0195] The post-forming bumps heating device 570 is an apparatus for decreasing the 
temperature of the wafer with formed bumps 202 held by the wafer holding part 1421 
from the bonding stage 110 after bumps are formed to a temperature near the room 
temperature from the vicinity of approximately 210°C as the bump bonding temperature 
while the wafer with formed bumps is kept in a noncontact state with respect to. the 
post-forming bumps heating device 570 while held by the wafer holding part. The post- 
forming bumps heating device is similar to the above preheat device 560 in terms of 
structure. That is, the post-forming bumps heating device 570 includes the plate heater 
171, the plate heater frame 172, the aluminum plate 173, the path 174 for cooling 
material, the air supply device 175, the temperature sensor 176 and grooves 577. Figs. 
72 and 73 show reference numerals in both the preheat device 560 and the post-forming 
bumps heating device 570. The plate heater 171 is controlled by the controller 180 to 
control the decrease in temperature of the wafer with formed bumps 202. The operation 
of controlling the decrease in temperature is one of the features of the bump forming 
apparatus 501 and will be described in detail later. 

[0196] Front faces of the aluminum plates 163, 173 opposite to the pre-forming bumps 
wafer 201, wafer with formed bumps 202 in the preheat device 560, and post-forming 
bumps heating device 570 are preferably treated by an insulating far infrared radiation 
coating. A heat dissipation efficiency for the pre-forming bumps wafer 201 and the 
wafer with formed bumps 202 can be improved by the coating. 

[0197] Among operations in the bump forming apparatus 501 with the above- 
constituted preheat device 560 and post-forming bumps heating device 570, the charge 
removal and reduction operation upon the charge appearance semiconductor substrate 
without bringing the charge appearance semiconductor substrate into contact with the 
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preheat device 560 and the post-forming bumps heating device 570 will now be 
described below. Similar to the earlier-described bump forming apparatus 101, each 
part of the bump forming apparatus 501 is controlled in operation by the controller 180, 
whereby a sequence of operations from forming bumps to the pre-forming bumps wafer 
201 to storing the wafer with formed bumps 202 into the second storage container 206 
is carried out. The controller 180 also controls the blowing operation for warpage 
correction performed on the pre-forming bumps wafer 201 and carried out by the 
bonding stage 110. 

[0198] In the following description, the contact members for charge removal attached to 
the wafer holding parts 1411 and 1421 are exemplified by the contact member 14100 
shown in Fig. 13 which is applicable to any wafer and substrate such as the above 
charge appearance semiconductor substrate developing the warpage, etc. Contact 
members 14107, 14113, 14116, 14120, 14121 or 14122 may be used in place of the 
contact member 14100. 

[0199] The pre-forming bumps wafer 201 and the wafer with formed bumps 202 
generate positive charge in accordance with the temperature rise and generate negative 
charge in accordance with the decrease in temperature. With this phenomenon utilized 
in the preheating, the pre-forming bumps wafer 201 is not raised from the room 
temperature to the bump bonding temperature in one stroke, but the temperature rise 
control is executed by repeatedly carrying out the temperature rise and the decrease in 
temperature, for example, as shown in Fig. 74, and then the pre-forming bumps wafer 
201 is raised to the bump bonding temperature. When the preheating is carried out as 
described above, positive charge generated through the temperature rise can be 
neutralized by negative charge generated by the decrease in temperature. In other 
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words, a fundamental concept of the preheating in this example is that an increased 
amount of charge is eliminated by charge which is generated and an opposite polarity 
every time the amount of charge is increased, and the amount of charge of the pre- 
forming bumps wafer is maintained at the initial amount even after the pre-forming 
bumps wafer is raised to the bump bonding temperature. The preheating operation in 
the example will be more fully described below. 

[0200] Fig. 75 shows a flow of the entire preheating operation controlled by the 
controller 180. More specifically, in step 2101, whether the aluminum plate 163 of the 
preheat device 560 is at a start temperature or not is determined. Unless the aluminum 
plate is at the start temperature, the aluminum plate is heated by the plate heater 161 or 
cooled by supplying the air by the air supply device 165, thereby adjusting the 
temperature to the start temperature in step 2102. The start temperature in the example 
is 40°C and the temperature of the aluminum plate 163 is measured by the temperature 
sensor 166. 

[0201] In step 2103, a temperature rise gradient is controlled and the aluminum plate 
163 (i.e., pre-forming bumps wafer 201) is started to be raised in temperature. In step 
2104, it is determined whether or not the aluminum plate 163 has reached a temperature 
rise target temperature. Since the bump bonding temperature for the pre-forming bumps 
wafer 201 is approximately 210°C, the temperature rise target temperature of the 
aluminum plate 163 is approximately 200°C in the example. When the aluminum plate 
163 has not reached the temperature rise target temperature, steps 2121-2124 of Fig. 76 
are carried out. As described before, since the bump bonding temperature is variable 
depending on the material or the like of the pre-forming bumps wafer 201, the 
temperature rise target temperature can also be changed to conform to the bump 
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bonding temperature. 

[0202] Through the temperature rise control operation executed in steps 2103, 2104 and 
2121-2124, the temperature rise operation is carried out to the bump bonding 
temperature by alternately repeating the temperature rise and the decrease in 
temperature which is one of the characteristic operations in the example. The operation 
for raising the temperature will be further detailed below. 

[0203] When the aluminum plate is determined to have reached the temperature rise 
target temperature in step 2104, the operation moves to step 2105, when the preheating 
operation is completed. The pre-forming bumps wafer 201 is transferred to the bonding 
stage 1 10 in step 2106. After the transfer, in step 2107, the air supply by the air supply 
device 165 is started so as to lower the aluminum plate 163 to the start temperature. In 
step 2108, it is determined whether or not the aluminum plate is decreased to the start 
temperature. When the aluminum plate is decreased to the start temperature, the air 
supply by the air supply device 165 is stopped in step 2109, so that the start temperature 
is maintained. The operation returns to step 2103 in preparation for the preheating 
operation of the next pre-forming bumps wafer 201 . 

[0204] The temperature rise control in the above steps 2103, 2104 and 2121-2124 will 
be depicted. 

[0205] The temperature of the aluminum plate 163 is raised in accordance with a 
preliminarily set temperature rise gradient in step 2103. The temperature rise gradient is 
set to 20°C/min in the example. When the aluminum plate 163 has not reached the 
temperature rise target temperature in step 2104, the operation moves to step 2121, 
where it is determined whether a decrease in temperature start condition is satisfied or 
not. In this case, the temperature of the aluminum plate 163, the period of time after the 
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temperature rise starts, the amount of charge of the rear face 201b of the pre-forming 
bumps wafer 201, or the like can be adopted as a physical quantity to be the decrease in 
temperature start condition. This example uses the temperature of the aluminum plate 
163 as the physical quantity. 

[0206] In the case where the amount of charge of the rear face 201b is to be used as the 
physical quantity, as indicated in Fig. 78, a plurality of through holes 252 are formed 
penetrating each of the plate heater 161, the plate heater frame 162 and the aluminum 
plate 163, and an electrostatic sensor 251 is arranged below the plate heater 161. The 
amount of charge of the rear face 201b is measured by the electrostatic sensor 251 
through the through holes 252. The measured value is sent to the controller 180 which 
in turn obtains the amount of charge. When the amount of charge of the rear face 201b 
is to be measured by the electrostatic sensor 251, or when charge is to be removed with 
the use of the ion generator 190 as will be described later, inner faces and peripheries of 
the through holes 252 and surfaces of the plate heater 161, the plate heater frame 162 
and the aluminum plate 163 are preferably coated with an insulating material so as to 
prevent electrostatic ions from being attracted to the conductor thereby hindering 
correct measurement of the amount of charge or obstructing the charge removal. 
[0207] When the temperature of the aluminum plate 163 is selected as the physical 
quantity of the decrease in temperature start condition as in the present example, in step 
2121, a temperature width designated by a reference numeral 271 in Fig. 77 is obtained 
based on temperatures of the aluminum plate 163 at a start of the temperature rise and at 
present, and it is determined whether or not the temperature width 271 is a 
predetermined value. The operation moves to step 2122 when the temperature width 
has reached the predetermined value, whereas the operation goes back to step 2103 
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when the temperature width has not reached the predetermined value. 
[0208] The temperature width 271 is set to 30T in the example. When the "time" is 
selected as the physical quantity of the decrease in temperature start condition, a 
reference numeral 273 seems more appropriate corresponding to the time. However, the 
reference numeral 271 can also correspond to the "time". A time from the temperature 
rise start to the decrease in temperature start can be set to, for example, two minutes. 
When the "amount of charge" is selected, the reference numeral 271 corresponds to a 
difference in amount of charge which can be set at, for example, 300VdilO%. 
[0209] In step 2122, the air supply by the air supply device 165 to the path 164 is 
started to start lowering the temperature of the aluminum plate 163. A decrease in 
temperature gradient in this step is set beforehand, which is set to be -30°C/min in this 
example. 

[0210] In step 2123, it is determined whether or not a decrease in temperature target 
condition is satisfied. The above-mentioned "time", "amount of charge" or the like 
besides the "temperature" in the example is used as the physical quantity of the decrease 
in temperature target condition. According to the example, in step 2123, a temperature 
width denoted by a reference numeral 272 in Fig. 77 is obtained based on each of the 
temperatures of the aluminum plate 163 at the start of the decrease in temperature and at 
the present, and whether or not the temperature width 272 has reached a predetermined 
value is determined. When the temperature width has reached the predetermined value, 
the operation goes to succeeding step 2124. The operation returns to step 2122 when 
the temperature width has not reached the predetermined value. The temperature width 
272 is a value smaller than the temperature width 271 and approximately 1/2-1/3 the 
temperature width 271. The temperature width 272 is set to be 15°C in the example. 
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When the "time" is selected as the physical quantity of the decrease in temperature 
target condition, the reference numeral 272 corresponds to the time, and can be set to 
one minute, for example. When the "amount of charge" is selected as the physical 
quantity, the reference numeral 272 corresponds to a difference in the amount of charge 
and can be set to, for example, 100V±10%. 

[0211] In step 2124, the air supply by the air supply device 165 to the path 164 for 
cooling material is stopped, thereby stopping the decrease in the temperature of the 
aluminum plate 163. The step returns to step 2103 after completion of the operation in 
step 2 124. 

[02121 The temperature of the aluminum plate 163, namely, pre-forming bumps wafer 
201 is thus raised to the bump bonding temperature while the temperature rise and the 
decrease in temperature are alternately repeated through the temperature rise control 
operation in steps 2103, 2104 and 2121-2124. Since positive charge is increased 
through the temperature rise while negative charge is generated by the decrease in 
temperature, the charge primarily of the rear face 201b of the pre-forming bumps wafer 
201 is neutralized by repeating the temperature rise and the decrease in temperature 
alternately as described above. Since the decrease in temperature width is smaller than 
the temperature rise width as described above, actually, positive charge is accumulated 
on the rear face 201b of the pre-forming bumps wafer 201 in the preheating operation as 
is clear from Fig. 74. However, the amount of accumulated charge can be greatly 
reduced in comparison with the case where the temperature is uniformly raised without 
alternately repeating the temperature rise and decrease in temperature. In one example, 
the amount of charge exceeds +2000V up to approximately +3000V when the 
temperature is raised uniformly, whereas the amount of charge can be suppressed to 
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approximately +100V by alternately repeating the temperature rise and decrease in 
temperature. 

[0213] After the above-described preheating operation, step 5 described in conjunction 
with the bump forming apparatus 101 is started. In step 5, the carry-in side transfer 
device 141 is moved by the transfer device 1413 from the preheat device 560 to the 
bonding stage 1 10. The pre-forming bumps wafer 201 held by the wafer holding part 
1411 is placed on the bonding stage 110. When the rear face 201b of the pre-forming 
bumps wafer 201 comes in contact with the wafer laying stage 111 of a metallic 
material of the bonding stage 1 10, part of the charge accumulated on the rear face 201b 
is grounded to the wafer laying stage 1 1 1, and also part of the charge accumulated on 
the rear face 201b moves towards the front face 201a in some cases. According to the 
example, however, since the temperature rise control is carried out in the preheating 
operation, the amount of charge of the front face 201a and the rear face 201b 
(particularly of the rear face 201b) is reduced as compared with the conventional 
example without the temperature rise control. Moreover, the contact member 14100 for 
charge removal is held in contact with the front face 201a, Therefore, sparking at the 
front face 201a can be prevented. The amount of charge of the rear face 201b is 
reduced as represented by a reference numeral 302 in Fig. 74 through the grounding to 
the wafer laying stage 1 1 1 and due to an increase of negative charge subsequent to a 
slight decrease in temperature of the pre-forming bunfips wafer 201 when separated from 
the preheat device 560. 

[0214] The pre-forming bumps wafer 201 is, after being loaded on the bonding stage 
1 10, heated by the heater 1 12 installed on the bonding stage 1 10 and controlled by the 
controller 180 so as to reach the bump bonding temperature. Bumps 19 are formed, 
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while carrying out the heating, by the bump forming head 120 to, for example, electrode 
parts 1 8 of the circuit on the pre-forming bumps wafer 201 as shown in Fig. 88. 
[0215] After the bumps are formed, the wafer with formed bumps 202 is moved from 
the bonding stage 110. In other words, the wafer with formed bumps is positioned 
above the bonding stage 1 10. The first holding member 1424 and the second holding 
member 1425 are opened by the driving part 1422 and the wafer laying stage 1 1 1 of the 
bonding stage 110 is moved up. Due to the upward movement, the contact member 
14100 of the member 1426 for charge removal first comes in contact with the front face 
202a of the wafer with formed bumps 202. Then, after the first holding member 1424 
and the second holding member 1425 are closed by the driving part 1422, the wafer 
laying stage 111 of the bonding stage 110 is moved down, whereby the wafer with 
formed bumps 202 is held to the wafer holding part 1421 of the carry-out side transfer 
device 142. 

[0216] The wafer with formed bumps 202 held by the wafer holding part 1421 is 
positioned above the post-forming bumps heating device 570 as shown in Fig. 71 on the 
basis that the wafer holding part 1421 is moved in the X direction by the driving of the 
moving device 1423 of the carry-out side transfer device 142. 

[0217] In step 7 in Fig. 27, the post-forming bumps heating device 570 controls the 
decrease in temperature of the wafer 202 by heating the wafer, thereby carrying out the 
post-forming bumps heating operation upon the wafer with formed bumps 202 from the 
bump bonding temperature of approximately 210°C to a temperature exceeding the 
room temperature by approximately lOT. 

[0218] Similar to the earlier-described preheating operation, electric charge is generated 
on the wafer with formed bumps 202 as a result of the temperature change during the 
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decrease in temperature operation. The front face 202a and the rear face 202b of the 
wafer are charged as indicated by reference numerals 303 and 304 in Fig. 74. 
[0219] Under the circumstances, in the post-forming bumps heating operation as well as 
in the preheating operation, the decrease in temperature is controlled by alternately 
repeating the decrease in temperature and the temperature rise, thereby suppressing the 
amount of charge of particularly the rear face 202b. Meanwhile, the charge of the front 
face 202a is grounded because the contact member 14100 is held in contact with the 
front face 202a. 

[0220] Fig. 79 shows a flow of the entire operation in the above post-forming bumps 
heating operation. The operation is controlled by the controller 180. Specifically, 
whether the temperature of the aluminum plate 173 of the post-forming bumps heating 
device 570 is a start temperature or not is determined in step 2131. When the aluminum 
plate is not at the start temperature, the aluminum plate is adjusted to the start 
temperature in step 2132 by heating using the plate heater 171 or by cooling through the 
air supply by the air supply device 175. The start temperature is approximately 200°C 
in the example, and the temperature of the aluminum plate 173 is measured by the 
temperature sensor 1 76. 

[0221] In step 2133, with the decrease in temperature gradient being controlled, the 
decrease in temperature of the aluminum plate, 173 (i.e., the wafer with formed bumps 
202) is started by the supply of air by the air supply device 175. It is determined in step 
2134 whether the aluminum plate 173 reaches a decrease in temperature target 
temperature or not. The decrease in temperature target temperature at the aluminum 
plate 173 is 40°C in the example. Steps 2151-2154 of Fig. 80 'are carried out in the 
event that the aluminum plate 173 has not reached the decrease in temperature target 
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temperature. 

[0222] The decrease in temperature operation to the decrease in temperature target 
temperature is executed in this manner by alternately repeating the decrease in 
temperature and the temperature rise in steps 2133, 2134 and 2151-2154 which is one of 
characteristic operations of the example. The decrease in temperature control will be 
described in detail later. 

[0223] When the aluminum plate is determined to have reached the decrease in 
temperature target temperature in operation 2134, the step goes to step 2135, where the 
post-forming bumps heating operation is completed. The wafer with formed bumps 202 
is transferred to the carry-out device 142 in step 2136. After the transfer, in step 2137, 
electricity is started to be supplied to the plate heater 171, thereby raising the 
temperature of the aluminum plate 173 to the start temperature. Whether the aluminum 
plate has been raised to the start temperature or not is determined in step 2138. When 
the aluminum plate is raised to the start temperature, the supply of electricity to the plate 
heater 171 is stopped to maintain the start temperature. The operation returns to step 
2133 to prepare for the post-forming bumps heating operation of the next wafer with 
formed bumps 202. 

[0224] The decrease in temperature control in the steps 2133, 2134 and 2151-2154 will 
now be described. 

[0225] In step 2133, the aluminum plate 173 is lowered in temperature in accordance 
with a preliminarily set decrease in temperature gradient. The decrease in temperature 
gradient is set to be -20°C/min in the example. In step 2134, if the aluminum plate 173 
has not reached the decrease in temperature target temperature, the operation goes to 
step 2151, and it is determined whether or not a temperature rise start condition is 
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satisfied. The temperature of the aluminum plate 173, the period of time after the 
decrease in temperature starts, an amount of charge of the rear face 202b of the wafer 
with formed bumps 202, or the like similar to the above preheating control may be used 
as a physical quantity of the temperature rise start condition, among which the present 
example uses the temperature of the aluminum plate 173. 

[0226] When the amount of charge of the rear face 202b is used, as shown in Fig. 78 
referred to in the description of the preheating control, a plurality of through holes 252 
are formed in the aluminum plate 173 or the like, and the electrostatic sensor 251 is 
arranged below the plate heater 171. The amount of charge of the rear face 202b is 
measured by the electrostatic sensor 251 through the through holes 252, The measured 
value is sent to the controller 1 80 to obtain the amount of charge. 
[0227] In the case where the temperature of the aluminum plate 163 is selected as the 
physical quantity of the temperature rise start condition as in the example, in step 2151, 
a temperature width denoted by a reference numeral 275 in Fig. 81 is obtained based on 
each temperature of the aluminum plate 163 at the start of the decrease in temperature 
and at the present, and whether the temperature width 275 has reached a predetermined 
value is determined. The operation goes to step 2152 when the temperature width has 
reached the predetermined value, or the operation returns to step 2133 when the 
temperature width has not reached the value. 

[0228] According to this example, the temperature width 275 is set to be 30°C. The 
reference numeral 275 also corresponds to a time when the "time" is selected as the 
physical quantity of the temperature rise start condition. The time can be set to two 
minutes, for instance. The reference numeral 275 corresponds to an amount of charge 
when the "amount of charge" is selected, which can be set to, e.g., 300V±10%. 
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[0229] In step 2152, the supply of electricity to the plate heater 171 of the post-forming 
bumps heating device 570 is started to start raising the temperature of the aluminum 
plate 173. The temperature rise gradient at this time is set beforehand and is set to be 
+30°C/min in the example. The supply of air by the air supply device 175 is stopped in 
response to the start of the power supply to the plate heater 171. 
[0230] In step 2153, whether or not a temperature rise target condition is satisfied is 
determined. For a physical quantity to be the temperature rise target condition, a "time", 
an "amount of charge" or the like is utilizable as well as the "temperature" employed by 
the example. The temperature width designated by a reference numeral 276 in Fig. 81 
is obtained in step 2153 based on temperatures of the aluminum plate 173 at the start of 
the temperature rise and at the present, and whether or not the temperature width 276 
has reached a predetermined value is determined. The step moves to step 2154 when 
the temperature width has reached the predetermined value. The step returns to step 
2152 when the temperature width has not reached the predetermined value. The 
temperature width 276 is a value smaller than the temperature width 275 (that is, 
approximately 1/2 to 1/3 the temperature width 275). The temperature width is set to be 
15°C in the example. The reference numeral 276 corresponds to the time when the 
"time" is selected as the physical quantity of the temperature rise target condition and 
can be set to, for example, one minute. The reference numeral 276 corresponds to the 
difference in the amount of charge when the "amount of charge" is selected, which can 
be set to, for example, 100V±10%. 

[0231] In step 2154, the power supply to the plate heater 171 of the post-forming bumps 
heating device 570 is stopped, whereby the temperature rise of the aluminum plate 173 
is stopped. After the operation in step 2154 is completed, the step returns to step 2133. 
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[0232] Through the decrease in temperature control in steps 2133, 2134 and 2151-2154, 
the temperature of the aluminum platel73 (namely, wafer with formed bumps 202) is 
decreased to the decrease in temperature target temperature while the decrease in 
temperature and the temperature rise are alternately repeatedly carried out. When the 
decrease in temperature and the temperature rise are alternately repeated, charge of 
primarily the rear face 202b of the wafer with formed bumps 202 are neutralized, 
because positive charge is generated through the temperature rise although negative 
charge is increased by the decrease in temperature. Since the temperature rise width is 
smaller than the decrease in temperature width as described above, negative charge is 
actually accumulated on the rear face 202b of the wafer with formed bumps 202 through 
the post-forming bumps heating operation as indicated by the reference numeral 303 in 
Fig. 74. However, the amount of charge can be greatly reduced in comparison with a 
case where the temperature of the wafer is decreased uniformly without alternately 
repeating the decrease in temperature and the temperature rise. For example, the 
aluminum plate is charged to approximately -2000V to approximately -3000V in the 
case of a uniform decrease in temperature, whereas electric charge can be restricted to 
approximately -lOOV if the decrease in temperature and the temperature rise are 
alternately repeated. 

[0233] After the post-forming bumps heating operation, step 8 in Fig. 27 is started to 
execute the following operations. The wafer holding part 1421 of the carry-out side 
transfer device 142 while holding the wafer with formed bumps 202 is moved by the 
operation of the moving device 1423 in the X direction to above the carry-out device 
132. An arrangement after the movement is indicated in Fig. 56. 
[0234] After the movement, the driving part 1324 of the carry-out device 132 drives. 
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whereby the holding, part 1323 is brought into contact with the rear face 202b of the 
wafer with formed bumps 202 as shown in Fig. 57, and the wafer with formed bumps 
202 is moved up to float by approximately 1mm from the holding hooks 1417 of the 
wafer holding part 1421. When the holding part 1323 comes in contact with the rear 
face 202b, the charge of the rear face 202b is grounded through the holding part 1323. 
The amount of charge of the rear face 202b is accordingly reduced as indicated by a 
reference numeral 305 in Fig, 74. The contact member 14100 for charge removal is 
maintained in contact with the front face 202a of the wafer with formed bumps 202 also 
when the wafer with formed bumps is moved up as described above. Therefore, similar 
to the case when the wafers 201 and 202 are delivered at the carry-in device 131 and 
bonding stage 110, even when a charge on the front face 202a is changed due to 
changing of an amount of charge on the rear face 202b because of the holding part 1323 
coming in contact with the rear face 202b of the wafer with formed bumps 202, an 
amount of charge resulting from the change can be eliminated. 

[0235] After the wafer with formed bumps is moved up, the wafer is held by the suction 
to the holding part 1323. 

[0236] After the holding part 1323 holds the wafer with formed bumps 202, as shown in 
Fig. 58, the first holding member 1424 and the second holding member 1425 of the 
wafer holding part 1421 are opened by the driving part 1422, thus freeing the holding of 
the wafer with formed bumps 202. 

[0237] As indicated in Figs. 59 and 60, after the holding is freed, the holding part 1323 
descends to place the wafer with formed bumps 202 onto the holding stage 1321. After 
the wafer with formed bumps is placed thereon, the holding stage 1321 holds the wafer 
with formed bumps 202 by suction according to the example. 
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[0238] In step 9 of Fig. 27, the holding stage 1321 holding the wafer with formed 
bumps 202 is moved in the X direction by the operation of the moving device 1322 of 
the carry-out device, thereby transferring the wafer with formed bumps 202 towards the 
second storage container 206. 

[0239] In step 10, the holding stage 1321 stores the wafer with formed bumps 202 into 
the second storage container 206. 

[0240] As described hereinabove, according to the bump forming apparatus 501 of the 
example, charge generated on the charge appearance semiconductor substrate (e.g., a 
piezoelectric substrate wafer or the like which generates charge in response to the 
temperature change) can be reduced to a level not damaging the circuit formed on the 
wafer and not breaking the wafer itself by the temperature rise control and the decrease 
in temperature control for the wafer without, for example, forming an aluminum film 
along the dicing lines of the wafer or without forming the aluminum film on the entire 
rear face of the wafer. 

[0241] Particularly, in a case where the wafer is 0.2mm thick or thinner, or where a 
distance between lines in the circuit formed on the wafer is smaller than l|im and 
especially a difference of line widths of adjacent lines is large, a large charge removal 
effect is obtained by the above temperature rise control and the decrease in temperature 
control in the preheating operation and post-forming bumps heating operation. 
[0242] In the bump forming apparatus 501 of the modified example, the temperature 
rise gradient in the preheating operation is set to a constant value of 20°C/min, and the 
decrease in temperature gradient in the post-forming bumps heating operation is set to a 
constant value of -20°C/min. However, the gradient values are not limited to the above 
values. For example, different gradient values may be adopted near the start and the 
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end of the preheating and post-forming bumps heating operation, and near the middle of 
the preheating and post-forming bumps heating operation. 

[0243] The temperature rise gradient value, the temperature rise target temperature, the 
decrease in temperature start temperature, the decrease in temperature gradient value, 
the decrease in temperature target value in the preheating operation, the decrease in 
temperature gradient value, the decrease in temperature target temperature, the 
temperature rise start temperature, the temperature rise gradient value, and the 
temperature rise target value in the post-forming bumps heating operation may be stored 
beforehand in the memory 181 of the controller 180 for every kind, every material, 
every size or the like of the wafers to which bumps are to be formed. The control can 
be changed in accordance with the kind of wafers to be processed. 
[0244] As described hereinabove in the modified example alike, specific temperature 
controls are carried out both at the temperature rise operation for the pre-forming bumps 
wafer 201 and at the decrease in temperature operation for the wafer with formed bumps 
202. However, at least the decrease in temperature control only at the decrease in 
temperature operation from the bump bonding temperature to the room temperature is 
enough in the example. There is a reason for this as follows. That is, as described 
above, the wafers 201 and 202 have the characteristic that it is difficult to eliminate 
charge from these wafers once charged. Further the wafer 202 is stored in the second 
storage container 206 after being lowered from the bump bonding temperature to the 
room temperature. Therefore, if the wafer 202 is kept charged when stored in the 
second storage container, there would be a possibility that problems are caused. 
Accordingly, electric charge of the wafer 202 should be sufficiently eliminated. 
[0245] In the example as well as the bump forming apparatus 101 described earlier, as 
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shown in Fig. 61, while the wafer with formed bumps 202 is delivered from the wafer 
holding part 1421 of the carry-out side transfer device 142 to the carry-out device 132, 
the ion generator 190 is preferably disposed at least at a side of the rear face 202b of the 
wafer with formed bumps 202, more preferably to both sides including a side of the 
front face 202a. 

[0246] For efficiently removing charge during the post-forming bumps heating 
operation before delivering the wafer with formed bumps 202 to the carry-out device 
132 from the wafer holding part 1421, as shown in Fig. 82, ions by the ion generator 
190 are preferably applied to at least the rear face 202b of the wafer with formed bumps 
202, and more preferably to both faces including the front face 202a of the wafer with 
formed bumps. If the blower 191 is added, charge can be more effectively removed. A 
quantity of ions to be generated by the ion generator 190 and the volume of air to be 
sent from the blower 191 may be controlled by the controller 180 based on the 
measured amount of charge of at least the rear face 202b, and preferably both faces 
including the front face 202a while measuring the amount of charge with the 
electrostatic sensor 25 1 . 

[0247] In order to apply the ions to the rear face 202b, the ion generator 190 is arranged 
below the plate heater 171 of the post-forming bumps heating device 570, which 
necessitates forming through holes 252 described with reference to Fig. 78, as shown in 
Fig. 82. 

[0248] Further, an arrangement is adoptable in which the ions from the ion generator 
190 are also able to act in the preheating operation on at least the rear face 201b of the 
pre-forming bumps wafer 201, and preferably on both faces including the front face 
201a. The blower 191 and the electrostatic sensor 25 1 may be added to the arrangement. 
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Charges can be more efficiently removed in the preheating operation alike in this 
arrangement, although the preheat device 560 should be provided with through holes 
252 as in Fig. 83 to apply the ions to the rear face 201 b. 

[0249] Similar to the description with reference to Figs. 62 and 63, the preheat device 
560 and the post-forming bumps heating device 570 may also be eliminated from the 
bump forming apparatus 501 of the modified example, wherein the operation shown in 
Fig. 84 is carried out. That is, the charge appearance semiconductor substrate such as 
the pre-forming bumps wafer 201 or the like is positioned at a distance of approximately 
1 -several mm from the wafer laying stage 111, and preheated. After the preheating 
operation, the charge appearance semiconductor substrate is placed on the wafer laying 
stage 1 1 1 to execute bump bonding. After the bump bonding, the charge appearance 
semiconductor substrate is arranged in a non-contact state above the wafer laying stage 
1 1 1 again and heated for post-forming bumps. In step 2201 of Fig. 84, with the use of, 
for example, the transfer device 143 such as the carry-out side transfer device 141 or the 
like, the pre-forming bumps wafer 201 which is the charge appearance semiconductor 
substrate is moved from the carry unit 130 to above the wafer laying stage 1 1 1 of the 
bonding stage 110. The wafer laying stage 111 at this time shows a temperature of 
approximately 40°C. 

[0250] In step 2203, as described before, the pre-forming bumps wafer 201 is raised in 
temperature at the temperature rise rate of 20°C/min while the temperature rise and the 
decrease in temperature are repeated. 

[0251] In step 2205, the blower 1 15 is driven to blow the hot air through air holes 113 
of the wafer laying stage 1 1 1 to the pre-forming bumps wafer 201 . The charge charged 
on the pre-forming bumps wafer 201 is discharged in the air and removed accordingly. 



After the blowing, in step 2206, the pre-forming bumps wafer 201 is carried to the 
wafer laying stage 1 1 1, and the suction device 1 14 is operated to suck the pre-forming 
bumps wafer 201 onto the wafer laying stage 111. 

[0252] In step 2207, bump bonding is carried out on the pre-forming bumps wafer 201. 
[0253] In step 2209, the wafer laying stage 1 1 1 is moved up to make the transfer device 
143 hold the charge appearance semiconductor substrate. The wafer laying stage 1 1 1 is 
moved down so as to keep the distance between the charge appearance semiconductor 
substrate and the wafer laying stage 111 about 1 -several mm. The temperature of the 
wafer laying stage 1 1 1 is decreased from approximately 210°C to approximately 40T at 
the decrease in temperature rate of, for example, 20°C/min by repeating the decrease in 
temperature and the temperature rise. In this operation, the blowing operation for charge 
removal carried out in step 2205 may be conducted concurrently. In step 2210, the 
wafer with formed bumps 202 is moved by the transfer device from the wafer laying 
stage 1 1 1 to the carry-out device 132. 

[0254] In the structure in which the blower is installed on each of the preheat device 
560 and the post-forming bumps heating device 570 in the bump forming apparatus 501 
equipped with the preheat device 560 and post-forming bumps heating device 570, the 
above blowing operation for charge removal may be carried out by working the blower 
to jet the gas also in the preheating operation and the post-forming bumps heating 
operation in the bump forming apparatus 501 with the preheat device 560 and post- 
forming bumps heating device 570. 

[0255] The blowing operation for charge removal enables elimination of charge of the 
charge appearance semiconductor substrate. Particularly, when the grooves 14 are 
formed on the rear face of the charge appearance semiconductor substrate, charge in the 
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grooves 14 can be efficiently discharged in the air. Therefore, charge of the charge 
appearance semiconductor substrate can be more efficiently removed by the blowing 
operation for charge removal executed concurrently with the zigzag temperature control 
of the repeated temperature rise and decrease in temperature and, moreover, by the 
application of the ion to the charge appearance semiconductor substrate. 
[0256] Processing with the use of the sub plate is possible also in the bump forming 
apparatus 501 of the example. 

[0257] The entire disclosure of Japanese Patent Application Nos, 11-189053 filed on 
July 2, 1999, 11-308855 filed on October 29, 1999, 11-293702 filed on October 15, 
1999, 1 1-323979 filed on November 15, 1999 and 2000-184467 filed on June 20, 2000, 
including descriptions, claims, drawings and summaries are all incorporated herein by 
reference. 

[0258] Although the present invention has been fully described in connection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to be 
noted that various changes and modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood as included within the scope of the 
present invention as defined by the appended claims unless they depart therefrom. 
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